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(54) Shift actuator for a transmission 

(57) A shift actuator (5) for a transmission, which ac- 
tuates., in a direction of shift, a shift lever (34) for oper- 
ating a synchronizing device of the transmission, the 
shift actuator (5) comprising a first electromagnetic so- 
lenoid (6) and a second electromagnetic solenoid (7) for 
actuating an operation member (50) coupled to the shift 
lever (34) in the directions opposite to each other. Each 
of the first electromagnetic solenoid (6) and the second 



electromagnetic solenoid (7) comprises a casing (61 , 
71 ), a fixed iron core (62, 72) disposed in the casing (61 , 

71 ) , a moving iron core (64; 74) arranged to be allowed 
to approach and separate away from the fixed iron core 
(62, 72), an operation rod (63, 73) mounted on the mov- 
ing iron core (64, 74) to engage with the operation mem- 
ber (50), and an electromagnetic coil (66, 76) arranged 
between the casing (61 , 71 ) and the fixed iron core (62, 

72) as well as the moving iron core (64, 74). 



Fig. 4 
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Description 

Field of the Invention 

[0001 ] The present invention relates to a shift actuator 5 
for a transmission which actuates, in a direction of shift, 
a shift lever for operating a synchronizing device of the 
transmission mounted on a vehicle. 

Description of the Related Art w 

[0002] As the shift actuator for a transmission, which 
actuates, in a direction of shift, a shift leverfor operating 
a synchronizing device of the transmission, there has 
been generally used a fluid pressure cylinder which uti- is 
lizes the fluid pressure such as air pressure or hydraulic 
pressure as a source of actuation. The shift actuator us- 
ing the fluid pressure cylinders requires a piping for con- 
necting the source of fluid pressure to the actuators, an 
electromagnetic change-over valve for changing over 20 
the flow passage of the operation fluid, and space for 
the arrangement thereof, resulting in an increase in the 
weight of the device as a whole. 

[0003] In recent years, there has been proposed an 
actuator constituted by an electric motor as a shift actu- 25 
ator for a transmission mounted on a vehicle which is 
provided with neither a source of the compressed air nor 
a source of the hydraulic pressure. The shift actuator 
constituted by the electric motor needs neither the pip- 
ing for connection to the source of fluid pressure nor the 30 
electromagnetic change-over valve, unlike the actua- 
tors that use fluid pressure cylinders, and can, hence, 
be constituted in a compact size as a whole and in a 
reduced weight. 

[0004] The actuator using an electric motor needs a 35 
speed reduction mechanism for obtaining a predeter- 
mined actuating force. As the speed reduction mecha- 
nism, there have been proposed the one using a ball- 
screw mechanism and the one using a gear mechanism. 
However, the actuators using the ball-screw mechanism 40 
and gear mechanism are not necessarily satisfactory in 
regard to the durability of the ball-screw mechan ism and 
the gear mechanism, in regard to the durability and the 
operation speed of the electric motor. 

45 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to pro- 
vide a shift actuator for a transmission, which features 
excellent durability and a high operation speed. so 
[0006] In order to achieve the above-mentioned ob- 
ject according to the present invention, there is provided 
a shift actuator for a transmission, which actuates, in a 
direction of shift, a shift leverfor operating a synchro- 
nizing device of the transmission, the shift actuatorcom- ss 
prising: 

a first electromagnetic solenoid and a second elec- 



tromagnetic solenoid for actuating an operation 
member coupled to the shift lever in the directions 
opposite to each other; 

each of the first electromagnetic solenoid and the 
second electromagnetic solenoid comprising a cas- 
ing, a fixed iron core disposed in the casing, a mov- 
ing iron core arranged to be allowed to approach 
and separate away from the fixed iron core, an op- 
eration rod mounted on the moving iron core to en- 
gage with the operation member, and/or an electro- 
magnetic coil arranged between the casing and the 
fixed iron core as well as the moving iron core. 

[0007] It is desired that a stepped protuberance is 
formed on either one of the opposing surfaces of the 
fixed iron core and/or of the moving iron core, a stepped 
recess is formed in the other surface to correspond to 
the stepped protuberance, and a position at which an 
edge of the protuberance and an edge of the recess be- 
come closest to each other is so constituted as to cor- 
respond to the synchronizing position of the synchroniz- 
ing device. 

[0008] According to the present invention, further, 
there is provided a shift actuator for a transmission., 
which actuates, in a direction of shift, a shift lever for 
operating a synchronizing device of the transmission, 
the shift actuator comprising: 

a first electromagnetic solenoid and a second elec- 
tromagnetic solenoid for actuating an operation 
member coupled to the shift lever in the directions 
opposite to each other; 

each of the first electromagnetic solenoid and the 
second electromagnetic solenoid comprising an 
electromagnetic coil, a fixed iron core disposed in 
the electromagnetic coil, a moving iron core ar- 
ranged to be allowed to approach, and separate 
away from, the fixed iron core, a fixed yoke having 
an inner peripheral surface opposing an outer pe- 
ripheral surface of the moving iron core, and an op- 
eration rod mounted on the moving iron core to en- 
gage with the operation member; and 
the opposing areas of the moving iron core and the 
fixed yoke being so constituted as to decrease, at 
a position where the fixed iron core ceases to attract 
the moving iron core. 

[0009] It is desired that a stepped protuberance is 
formed on either one of the opposing surfaces of the 
fixed iron core and of the moving iron core, a stepped 
recess is formed in the other surface to correspond to 
the stepped protuberance, and a position at which an 
edge of the protuberance and an edge of the recess be- 
come closest to each other is so constituted as to cor- 
respond to the synchronizing position of the synchroniz- 
ing device. 

[0010] According to the present invention, there is fur- 
ther provided a shift actuator for a transmission, com- 
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prising a first electromagnetic solenoid and a second 
electromagnetic solenoid for actuating, in the directions 
opposite to each other an operation member coupled 
to the shift lever to operate a synchronizing device of 
the transmission; 5 



4 

Fig. 8 is a view illustrating the shift stroke positions 
of a synchronizing device corresponding to the op- 
eration states of the shift actuator according to the 
third embodiment shown in Fig. 6; 
Fig. 9 is a sectional view illustrating the shift actua- 
tor constituted according to a fourth embodiment of 
the present invention; 

Fig. 10 is a diagram illustrating a relationship be- 
tween the operation positions and the thrust of the 
shift actuator; 

Fig. 11 is a sectional view illustrating the shift actu- 
ator constituted according to a fifth embodiment of 
the present invention; 

Fig. 12 is a view illustrating the operation states of 
the shift actuator according to the fifth embodiment 
shown in Fig. 11; 

Fig. 13 is a view illustrating the operation states of 
the shift actuator according to the fifth embodiment 
shown in Fig. 11 ; 

Fig. 14 is a sectional view illustrating the shift actu- 
ator constituted according to a sixth embodiment of 
the present invention; 

Fig. 15 is a view illustrating the operation states of 
the shift actuator according to the sixth embodiment 
shown in Fig. 14; 

Fig. 1 6 is a sectional view illustrating the shift actu- 
ator constituted according to a seventh embodi- 
ment of the present invention; 
Fig. 1 7 is a view illustrating the operation states of 
the shift actuator according to the seventh embod- 
iment shown in Fig. 16; 

Fig. 1 8 is a sectional view illustrating the shift actu- 
ator constituted according to an eighth embodiment 
of the present invention; 

Fig. 19 is a diagram illustrating a relationship be- 
tween the operation positions and the thrust of the 
shift actuator; 

Fig. 20 is a sectional view illustrating the shift actu- 
ator constituted according to a ninth embodiment of 
the present invention; 

Fig. 21 is a view illustrating the operation States of 
the shift actuator according to the ninth embodiment 
shown in Fig. 21; and 

Fig. 22 is a diagram illustrating a relationship be- 
tween the operation positions and the thrust of the 
shift actuator. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] Preferred embodiments of the shift actuator for 
a transmission constituted according to the present in- 
vention will now be described in further detail with ref- 
erence to the accompanying drawings. 
[0013] Fig. 1 is a sectional view illustrating a gear 
change device provided with a shift actuator constituted 
according to a first embodiment of the present invention, 
and Fig. 2 is a sectional view along the line A-A in Fig. 1 . 



each of the first electromagnetic solenoid and the 
second electromagnetic solenoid including an elec- 
tromagnetic coil, a fixed iron core excited by the 
electromagnetic coil, a first moving iron core ar- 10 
ranged to be capable of being contacted with, and 
separate away from, the fixed iron core, a second 
moving iron core fitted to an outer peripheral sur- 
face of the first moving iron core so as to slide the- 
realong, and an operation rod mounted on the first 15 
moving iron core to engage with the operation mem- 
ber; the fixed iron core having a first attraction por- 
tion for attracting the first moving iron core and a 
second attraction portion for attracting the second 
moving iron core, and the first moving iron core be- 20 
ing provided with a limiting means for limiting the 
second moving iron core from moving toward the 
side of the fixed iron core; and the second moving 
iron core and the first moving iron core moving to- 
gether, by the action of the limiting means, until the 25 
second moving iron core comes in contact with the 
second attraction portion, then, the first moving iron 
core alone moving toward the first attraction portion 
after the second moving iron core has come in con- 
tact with the second attraction portion, and a posi- 30 
tion at which the second moving iron core comes in 
contact with the second attraction portion being so 
set as to correspond to a position just after a syn- 
chronizing position of the synchronizing device. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Fig. 1 is a sectional view illustrating a gear change *o 
device provided with a shift actuator constituted ac- 
cording to a first embodiment of the present inven- 
tion: 

Fig. 2 is a sectional view along the line A-A in Fig. 1 ; 
Fig. 3 is a view illustrating the operation of a select 45 
actuator that constitutes the gear change device 
shown in Fig. 1 ; 

Fig. 4 is a sectional view along the line B-B in Fig. 1 ; 
Fig. 5 is a sectional view illustrating the shift actua- 
tor constituted according to a second embodiment so 
of the present invention; 

Fig. 6 is a sectional view illustrating the shift actua- 
tor constituted according to a third embodiment of 
the present invention; 

Fig. 7 is a view illustrating the shift stroke positions 55 
of a synchronizing device corresponding to the op- 
eration states of the shift actuator according to the 
third embodiment shown in Fig. 6; 
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[001 4] A gear change device 2 according to the illus- 
trated embodiment is constituted by a select actuator 3 
and a shift actuator 5. The select actuator 3 has three 
cylindrical casings 31 a. 31 b and 31c. A control shaft 32 
is disposed in the three casings 31 a : 31b and 31c, and 
both ends of the control shaft 32 are rotatably supported 
by the casings 31 a and 31c on both sides via bearings 
33a and 33b. A spline 321 is formed in an intermediate 
portion of the control shaft 32. A cylindrical shift sleeve 
35 constituted integ rate dly with a shift lever 34 is spline- 
fitted to the spline 321 so as to slide in the axial direction. 
The shift lever 34 and the shift sleeve 35 are made of a 
nonmagnetic material such as a stainless steel, and the 
shift lever 34 is disposed being inserted in an opening 
311b formed in a lower portion of the central casing 31b. 
An end of the sh ift lever 34 is so constituted as to suitably 
engage with shift blocks 301 , 302, 303 and 304 which 
are disposed at a first select position SP1 , at a second 
select position SP2, at a third select position SP3 and 
at a fourth select position SP4 and are constituting a 
shift mechanism for a transmission that is not shown. 
[0015] A magnetic moving means 36 is disposed on 
the outer peripheral surface of the shift sleeve 35. The 
magnetic moving means 36 is constituted by an annular 
permanent magnet 36 1 that is mounted on the outer pe- 
ripheral surface of the shirtsleeve 35 and has magnetic 
poles in both end surfaces in the axial direction and by 
a pair of moving yokes 362 and 363 disposed on the 
outer sides of the permanent magnet 361 in the axial 
direction thereof. The permanent magnet 361 in the il- 
lustrated embodiment is magnetized into an N-pole in 
the right end surface in Figs. 1 and 2, and is magnetized 
into an S-pole in the left end surface in Figs. 1 and 2. 
The above pair of moving yokes 362 and 363 is made 
of a magnetic material in an annular shape. The thus 
constituted magnetic moving means 36 is positioned at 
its right end (in Figs. 1 and 2) of the one moving yoke 
362 (right side in Figs. 1 and 2) by a step 351 formed in 
the shift sleeve 35, and is positioned at its left end (in 
Figs. 1 and 2) of the other moving yoke 363 (left side in 
. Figs. 1 and 2) by a snap ring 37 fitted to the shift sleeve 
3 §, so that the motion in the axial, direction thereof is 
limited. A fixed yoke 39 is disposed on the outer periph- 
eral side of the magnetic moving means 36 to surround 
the magnetic moving means 36. The fixed yoke 39 is 
made of a magnetic material in a cylindrical shape and 
is mounted on the inner peripheral surface of the central 
casing 31 b. A pair of coils 40 and 41 is arranged on the 
inside of the fixed yoke 39. The pair of coils 40 and 41 
is wound on a bobbin 42 that is made of a nonmagnetic 
material such as a synthetic resin and is mounted on the 
inner peripheral surface of the fixed yoke 39. The pair 
of coils 40 and 41 is connected to a power source circuit 
that is not shown. The length of the coil 40 in the axial 
direction nearly corresponds to a length of selection 
from the first select position SP1 up to the fourth select 
position SP4. End walls 43 and 44 are mounted on both 
sides of the fixed yoke 39. On the inner periphery of the 



end walls 43 and 44 are mounted sealing members 45 
and 46 that come in contact with the outer peripheral 
surface of the shift sleeve 35. 

[0016] The select actuator 3 is constituted as de- 
5 scribed above, and works based on a principle of a linear 
motor that is constituted by the magnetic moving means 
36 disposed on the shift sleeve 35 that serves as the 
shift lever support member, by the fixed yoke 39 and by 
the pair of coils 40 and 41 . The operation will now be 
10 described with reference to Fig. 3. 

[0017] In the select actuator 3 according to the first 
embodiment, there is established a magnetic circuit 368 
passing through the N-pole of permanent magnet 361 , 
one moving yoke 362, one coil 40, fixed yoke 39, the 
'5 other coil 41 , the other moving yoke 363 and S-pole of 
permanent magnet 361 , as shown in Figs. 3(a) and 3 
(b). In this state, when electric currents are supplied to 
the pair of coils 40 and 41 in directions opposite to each 
other as shown in Fig. 3(a), a thrust toward the right is 
20 produced by the permanent magnet 361 , i.e. , by the shift 
sleeve 35, as indicated by an arrow in Fig. 3(a) in ac- 
cordance with the Fleming's left-hand rule. As shown in 
Fig. 3(b), on the other hand, when the electric currents 
are supplied to the pair of coils 40 and 41 in the direc- 
ts tions just opposite to the directions of Fig. 3a t a thrust 
toward the left is produced by the permanent magnet 
361 , i.e., by the shirtsleeve 35, as indicated by an arrow 
in Fig. 3(b) in accordance with the Fleming's left-hand 
rule. The magnitude of thrust produced by the perma- 
30 nent magnet 361 , i.e., produced by the shift sleeve 35, 
is determined by the amount of electric power supplied 
to the pair of coils 40 and 41 . 

[0018] The actuator 3 in the illustrated embodiment 
has a first select position-limiting means 47 and a sec- 

35 ond select position-limiting means 48 for limiting the po- 
sition of the shift lever 34 to the first select position SP1 , 
second select position SP2, third select position SP3 or 
fourth select position SP4 in cooperation with the mag- 
nitude of thrust acting on the magnetic moving means 

40 36, i.e. : acting on the shift sleeve 35. The first select 
position-limiting means 47 comprises snap rings 471 
and 472 fitted to right end portions (in Figs. 1 and 2) of 
the central casing 31b at a predetermined interval, a 
compression coil spring 473 disposed between the snap 

45. rings 471 and 472, a moving ring 474 disposed between 
the compression coil spring 473 and one snap ring 471 , 
and a stopper 475 for limiting the motion of the moving 
ring 474 by coming in contact therewith when the mov- 
ing ring 474 is moved toward the right in Figs. 1 and 2 

so by a predetermined amount. 

[0019] When in a state as shown in Figs. 1 and 2, a 
current is supplied to the pair of coils 40 and 41 at a 
voltage of, for example, 2.4 V as shown in Fig. 3(a), the 
thus constituted first select position-limiting means 47 

55 so works that the magnetic moving means 36 moves, i. 
e. f the shift sleeve 35 moves, toward the right in Figs. 1 
and 2, and the right end of the shift sleeve 35 in Figs. 1 
and 2 comes in contact wrth the'movihg ring 474 to be 



4 



BNSDOCID: <EP 1225374A2_I_> 



7 EP 1 2 

limited for its position. In this state, the resilient force of 
the coil spring 473 has been set so as to be larger than 
the thrust that acts on the permanent magnet 361 , i.e. ? 
that acts on the shift sleeve 35. Therefore, the shift 
sleeve 35 in contact with the moving ring 474 is brought 
into a halt at a position where the moving ring 474 is in 
contact with the one snap ring 471 . In this case, the shift 
lever 34 constituted integratedly with the shift sleeve 35 
is brought to the second select position SP2. Next, when 
the current is supplied to the pair of coils 40 and 41 at 
a voltage of, for example, 4.8 V as shown in Fig. 3(a), 
the thrust acting on the magnetic moving means 36 : i. 
e., acting on the shift sleeve 35, has been set so as to 
become larger than the resilient force of the coil spring 
473. Accordingly, the shift sleeve 35 that has come in 
contact with the moving ring 474, then, moves toward 
the right in Figs. 1 and 2 against the resilient force of the 
coil spring 473, and the moving ring 474 is brought into 
a hall at a position where the moving ring 474 comes in 
contact with the stopper 475. At this moment, the shift 
lever 34 constituted integratedly with the shift sleeve 35 
is brought to the first select position SP1 . 
[0020] Next, the second select position-limiting 
means 48 will be described. 

[0021] The second select position-limiting means 48 
comprises snap rings 481 and 482 fitted to left end por- 
tions (in Figs. 1 and 2) of the central casing 31b at a 
predetermined interval, a coil spring 483 disposed be- 
tween the snap rings 481 and 482, a moving ring 484 
disposed between the coil spring 483 and one snap ring 
481 , and a stopper 485 for limiting the motion of the mov- 
ing ring 484 by coming in contact therewith when the 
moving ring 484 is moved toward the left in Figs. 1 and 
2 by a predetermined amount. 

[0022] When in a state as shown in Figs. 1 and 2, a 
current is supplied to the pair of coils 40 and 41 at a 
voltage of, for example. 2.4 V as shown in Fig. 3(b), the 
thus constituted second select position-limiting means 
48 so works that the permanent magnet 361 moves, i. 
e., the shift sleeve 35 moves, toward the left in Figs. 1 
arid 2, and the left end of the shift sleeve 35 comes in 
contact with the moving ring 484 in Figs. 1 and 2 to be 
limited for its position. In this state, the resilient force of 
the coil spring 483 has been set so as to be larger than 
the thrust that acts on the permanent magnet 361 , i.e., 
that acts on the shift sleeve 35. Therefore, the shift 
sleeve 35 in contact with the moving ring 484 is brought 
into a halt at a position where the moving ring 484 is in 
contact with the one snap ring 481 . In this case, the shift 
lever 34 constituted integratedly with the shift sleeve 35 
is brought to the third select position SP3. Next, when 
the current is supplied to the pair of coils 40 and 41 at 
a voltage of, for example, 4.8 V as shown in Fig. 3b, the 
thrust acting on the permanent magnet 361 , i.e., acting 
on the shift sleeve 35, has been set so as to become 
larger than the resilient force of the coil spring 483. Ac- 
cordingly, the shift sleeve 35 that has come in contact 
with the moving ring 484, then, moves toward the left in 
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Figs. 1 and 2 against the resilient force of the coil spring 
483, and the moving ring 484 is brought into a halt at a 
position where the moving ring 484 comes in contact 
with the stopper 485. At this moment, the shift lever 34 

5 constituted integratedly with the shift sleeve 35 is 
brought to the fourth select position SP4. 
[0023] As described above, according to the illustrat- 
ed embodiment provided with the first select position- 
limiting means 47 and with the second select position- 

10 limiting means 48, the shift lever 34 can be brought to 
a predetermined select position by controlling the 
amount of electric power supplied to the pair of coils 40 
and 41 without executing the position control operation. 
[0024] The gear change device according to the illus- 

15 trated embodiment has a select position sensor 8 for de- 
tecting the position of the shift sleeve 35 constituted in- 
tegratedly with the shift lever 34 } i.e., for detecting the 
position thereof in the direction of selection. The select 
position sensor 8 comprises a potentiometer, and a ro- 

20 tary shaft 81 thereof is attached to an end of a lever 82. 
An engaging pin 83 attached to the other end of the lever 
82 is brought into engagement with an engaging groove 
352 formed in the shift sleeve 35. Therefore, as the shift 
sleeve 35 moves toward the right arid left in Fig. 2, the 

25 lever 82 swings on the rotary shaft 81 as a center, and 
the rotary shaft 81 rotates to detect the operation posi- 
tion of the shift sleeve 35, i.e., to detect the position 
thereof in the direction of selection. In response to a sig- 
nal from the select position sensor 8, the shift lever 34 

30 is brought to a desired select position by controlling the 
voltage and the direction of current supplied to the coils 
40 and 41 of the select actuator 3 by using a control 
means which is not shown. 

[0025] Further the gear change device 2 of the iilus- 
35 trated embodiment has a shift stroke position sensor 9 
for detecting the rotational position, i.e., for detecting the 
shift stroke position of the control shaft 32 mounting the 
shift sleeve 35 constituted integratedly with the shift le- 
ver 34. The shift stoke position sensor 9 comprises a 
40 potentiometer with its rotary shaft 91 being linked to the 
control shaft 32. When the control shaft 32 rotates, 
therefore, the rotary shaft 91 rotates to detect the rota- 
tional position, i.e., to detect the shift stroke position, of 
the control shaft 32. 
45 [0026] Next, the shift actuator constituted according 
to the first embodiment of the present invention will be 
described with reference chiefly to Fig. 4. 
[0027] The shift actuator 5 according to the first em- 
bodiment shown in Fig. 4 has a first electromagnetic so- 
so lenoid 6 and a second electromagnetic solenoid 7 for 
actuating, in the directions opposite to each other, an 
operation lever 50 mounted on the control shaft 32 dis- 
posed in the casings 31 a, 31 b, 31 c of the select actuator 
3. The operation lever 50 has a hole 501 formed in its 
55 base portion to be fitted to the control shaft 32. By fitting 
a key 503 to a key groove 502 formed in the inner pe- 
ripheral surface of the hole 501 and to a key groove 322 
formed in the outer peripheral surface of the control 
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shafi 32. the operation lever 50 turns integratedly with 
ihc control shaft 32. The operation lever 50 works as an 
operation member which is coupled to the shift lever 34 
via ire control shaft 32 and the shift sleeve 35. and is 
disposed being inserted in an opening 311a formed in 
the lower portion of the casing 31a which is on the left 
side in Figs. 1 and 2. 

[0028] Next the first electromagnetic solenoid 6 will 
be described. 

[0029] The first electromagnetic solenoid 6 comprises 
a casing 61 , a fixed iron core 62 that is made of a mag- 
netic material and is disposed in the casing 61 , an op- 
eration rod 63 that is made of a nonmagnetic material 
such as a stainless steel and is disposed being inserted 
in a through hole 621 formed in the central portion of the 
fixed iron core 62, a moving iron core 64 that is made of 
a magnetic material and is mounted on the operation 
rod 63 to be allowed to approach, and separate away 
from, the fixed iron core 62, and an electromagnetic coil 
66 that is wound on a bobbin 65 made of a nonmagnetic 
material such as synthetic resin and is disposed be- 
tween the casing 61 and the moving iron core 64 as well 
as the fixed iron core 62. The thus constituted first elec- 
tromagnetic solenoid 6 so works that the moving iron 
core 64 is attracted by the fixed iron core 62 when an 
electric current is supplied to the electromagnetic coil 
66. As a result, the operation rod 63 mounting the mov- 
ing iron core 64 moves toward the left in Fig. 4 and its 
end acts on the operation lever 50 to turn it clockwise 
on the control shaft 32 as a center. Then, the shift lever 
34 constituted integratedly with the shift sleeve 35 
mounted on the control shaft 32 undergoes a shifting 
operation in one direction. 

[0030] Next, the second electromagnetic solenoid 7 
will be described. 

[0031 ] The second electromagnetic solenoid 7 is dis- 
posed opposite the first electromagnetic solenoid 6. Like 
the first electromagnetic solenoid 6, the second electro- 
magnetic solenoid 7, too, comprises a casing 71 , a fixed 
iron core 72 that is made of a magnetic material and is 
disposed in the casing 71 , an operation rod 73 that is 
made of a nonmagnetic material such as a stainless 
steel and is disposed being inserted in a through hole 
721 formed in the central portion of the fixed iron core 
72, a moving iron core 74 that is made of a magnetic 
material and is mounted on the operation rod 73 to be 
allowed to approach, and separate away from, the fixed 
iron core 72, and an electromagnetic coil 76 that is 
wound on a bobbin 75 made of a nonmagnetic material 
such as synthetic resin and is disposed between the 
casing 71 and the moving iron core 74 as well as the 
fixed iron core 72. The thus constituted second electro- 
magnetic solenoid 7 so works that the moving iron core 
74 is attracted by the fixed iron core 72 when an electric 
current is supplied to the electromagnetic coil 76. As a 
result, the operation rod 73 mounting the moving iron 
core 74 moves toward the right in Fig. 4 and its end acts 
on the operation lever 50 to turn it counterclockwise on 



the control shaft 32 as a center. Then : the shift lever 34 
constituted integratedly with the shift sleeve 35 mounted 
on the control shaft 32 undergoes a shifting operation 
in the other direction. 

5 [0032] As described above, the shift actuator 5 ac- 
cording to the first embodiment has the first electromag- 
netic solenoid and the second electromagnetic solenoid 
for actuating the operation lever 50 (operation member) 
coupled to the shift lever 34 in the directions opposite 

10 to each other. Therefore, the shift actuator features im- 
proved durability since it has no rotary mechanism and 
features a compact constitution and an increased oper- 
ation speed since it needs no speed reduction mecha- 
nism constituted by a ball-screw mechanism or a gear 

15 mechanism that is employed by the actuator that uses 
an electric motor. 

[0033] Next, the shift actuator constituted according 
to a second embodiment of the present invention will be 
described with reference to Fig. 5. In the shift actuator 
20 5a according to the second embodiment shown in Fig. 
5, the members same as those of the first embodiment 
shown in Fig. 4 are denoted by the same reference nu- 
merals and their description is not repeated. 
[0034] The shift actuator 5 of the first embodiment 
25 shown in Fig. 4 is of the pushing type. The shift actuator 
5a of the second embodiment shown in Fig. 5 : however, 
is of the pulling type. That is, the shift actuator 5a ac- 
cording to the second embodiment has a first electro- 
magnetic solenoid 6a and a second electromagnetic so- 
30 lenoid 7a for actuating, in the directions opposite to each 
other, the operation lever 50 mounted on the control 
shaft 32. The first electromagnetic solenoid 6a compris- 
es a casing 61a, a fixed iron core 62a that is made of a 
magnetic material and is disposed in the casing 61a, a 
35 moving iron core 64a made of a magnetic material and 
is disposed to be allowed to approach, and separate 
away from, the fixed iron core 62a, an electromagnetic 
coil 66a that is wound on a bobbin 65a made of a non- 
magnetic material such as synthetic resin and is dis- 
40 posed between the casing 61 a and the moving iron core 
64a as well as the fixed iron core 62a , and a cylindrical 
slide guide 67a that is made of a suitable synthetic resin 
and is disposed on the inside of the bobbin 65a to guide 
the motion of the moving iron core 64a. 
45 [0035] The second electromagnetic solenoid 7a is 
disposed opposite the first electromagnetic solenoid 6a. 
Like the first electromagnetic solenoid 6a, the second 
electromagnetic solenoid 7a, too, comprises a casing 
71a, a fixed iron core 72a that is made of a magnetic 
50 material and is disposed in the casing 71a, a moving 
iron core 74a that is made of a magnetic material and is 
disposed to be allowed to approach, and separate away 
from, the fixed iron core 72a, an electromagnetic coil 
76a that is wound on a bobbin 75a made of a nonmag- 
55 netic material such as synthetic resin and is disposed 
between the casing 71a and the moving iron core 74a 
as well as the fixed iron core 72a, and a cylindrical slide 
guide 77a that is made of a suitable synthetic resin and 
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is disposed on the inside of the bobbin 75a to guide the 
motion of the moving iron core 74a. In the shift actuator 
5a of the second embodiment, the moving iron core 64a 
of the first electromagnetic solenoid 6a and the moving 
iron core 74a of the second electromagnetic solenoid 5 
7a are coupled together by an operation rod 78a. A 
groove is formed in the central portion of the operation 
rod 78a : and an end of the operation lever 50 comes 
into engagement with the groove 781a. 
[0036] The shift actuator 5a according to the second 10 
embodiment is constituted as described above. The op- 
eration will now be described below. 
[0037] When an electric current is supplied to the 
electromagnetic coil 76a of the second electromagnetic 
solenoid 7a, the moving iron core 74a is attracted by the is 
fixed iron core 72a. As a result, the operation rod 78a 
coupled to the moving iron core 74a moves toward the 
left in Fig. 5, causing the control shaft 32 to turn clock- 
wise via the operation lever 50 of which the end is fitted 
to the groove 781a formed in the central portion of the 20 
operation rod 78a. Therefore, the shift lever 34 consti- 
tuted integratedly with the shift sleeve 35 mounted on 
the control shaft 32, is shifted in one direction. Further, 
when the electric current is supplied to the electromag- 
netic coil 66a of the first electromagnetic solenoid 6a, 25 
the moving iron core 64a is attracted by the fixed iron 
core 62a. As a result, the operation rod 78a coupled to 
the moving iron core 64a moves toward the right in Fig. 
. 5, causing the control shaft 32 to turn counterclockwise 
via the operation lever 50 of which the end is fitted to 30 
the groove 781a formed in the central portion of the op- 
eration rod 78a. Therefore, the shift lever 34 constituted 
integratedly with the shift sleeve 35 mounted on the con- 
trol shaft 32, is shifted in the other direction. 
[0038] Next, the shift actuator constituted according 35 
to a third embodiment of the present invention will be 
described with reference to Fig. 6. In the shift actuator 
5b according to the third embodiment shown in Fig. 6, 
the members same as those of the first embodiment 
shown in Fig. 3 are denoted by the same reference nu- 40 
merals and their description is not repeated. 
[0039] The shift actuator 5b, too, of the third embod- 
iment shown in Rg. 6 has, like that of the first embodi- 
ment, a first electromagnetic solenoid 6b and a second 
electromagnetic solenoid 7b for actuating the operation *s 
lever 50 mounted on the control shaft 32 that is disposed 
in the casings 31a, 31b and 31c of the select actuator 
3. The first electromagnetic solenoid 6b and the second 
electromagnetic solenoid 7b of the third embodiment 
are different from the first electromagnetic solenoid 6 so 
and the second electromagnetic solenoid 7 of the first 
embodiment in regard to the shapes of the opposing end 
surfaces of the fixed iron cores and of the moving iron 
cores. That is, the first electromagnetic solenoid 6b and 
the second electromagnetic solenoid 7b of the third em- 55 
bodiment have a feature in that stepped protuberances 
621b and 721b are respectively formed at the centers 
of the end surfaces of the fixed cores 62b and 72b op- 
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posed to the moving iron cores 64b and 74b. and that 
stepped recesses 641b and 741b are respectively 
formed in the centers of the end surfaces of the moving 
iron cores 64b and 74b opposed to the fixed iron cores 
62b and 72b. the recesses 641b and 741b being corre- 
sponded to the protuberances 621b and 721b. The po- 
sitions where the edges 622b, 722b of the protuberanc- 
es 621b, 721b of the fixed iron cores 62b } 72b become 
closest to edges 642b and 742b of the recesses 641 b ; 
741b of the moving iron cores 64b, 74b are so consti- 
tuted as to correspond to the synchronizing positions of 
the synchronizing device as will be described later. The 
embodiment shown in Fig. 6 has dealt with a case where 
the stepped protuberances 621b and 721b are formed 
on the fixed iron cores 62b and 72b, and the stepped 
recesses 641b and 741 b are formed in the moving iron 
cores 64b and 74b. It is, however, also allowable to form 
the stepped protuberances on the moving iron cores 
64b and 74b; and to form the stepped recesses in the 
fixed iron cores 62b and 72b. 

[0040] The shift actuator 5b according to the third em- 
bodiment is constituted as described above. Described 
below with reference to Figs. 7, 8 and 10 are a relation- 
ship between the operation positions of the first electro- 
magnetic solenoid 6b and of the second electromagnet- 
ic solenoid 7b and the corresponding shift stroke posi- 
tions of the synchronizing device with which the trans- 
mission (not shown) is furnished, as well as the thrusts 
at the operation positions of the first electromagnetic so- 
lenoid 6b and of the second electromagnetic solenoid 
7b. 

[0041] Rg. 7 illustrates the operation states of the first 
electromagnetic solenoid 6b and of the second electro- 
magnetic solenoid 7b. In Fig. 7, Rg. 7(a) illustrates a 
state where the synchronizing device is brought to a 
neutral position, Fig. 7(b) illustrates a state where the 
synchronizing device is brought to a synchronizing po- 
sition by the first electromagnetic solenoid 6b, -Fig. 7(c) 
illustrates a state where the synchronizing device is 
brought to a gear-engaging position by the first electro- 
magnetic solenoid 6b, Fig. 7(d) illustrates a state where 
the synchronizing device is brought to a synchronizing 
position by the second electromagnetic solenoid 7b, and 
Rg. 7(e) illustrates a state where the synchronizing de- 
vice is brought to a gear-engaging position by the sec- 
ond electromagnetic solenoid 7b. 
[0042] Fig. 8 illustrates a relationship among the 
spline 11 of the clutch sleeve ; teeth 12a, 12b of the syn- 
chronizer rings, and dog teeth 13a, 13b. In Fig. 8, Fig. 
8(a) illustrates a neutral state, Fig. 8(b) illustrates a syn- 
chronized state of when the first electromagnetic sole- 
noid 6b is operated, Fig. 8(c) illustrates a gear-engaged 
state of when the first electromagnetic solenoid 6b is op- 
erated. Fig. 8(d) illustrates a synchronized state of when 
the second electromagnetic solenoid 7b is operated, 
and Fig. 8(e) illustrates a gear-engaged state of when 
the second electromagnetic solenoid 7b is operated. 
[0043] Fig. 10 is a diagram illustrating a relationship 



EP 1 225 374 A2 



30 



35 



40 



45 



50 



BNSDOCID: <EP 1225374A2J_> 



13 



EP 1 225 374 A2 



14 



between the thrusts and the operation positions of op- 
eration rods 63 and 73 of the first electromagnetic sole- 
noid 6b and of the second electromagnetic solenoid 7b. 
In Figs. 10(a) and 1 0(b), the operation position POofthe 
electromagnetic solenoid shows a state where the first 
electromagnetic solenoid 6b and the second electro- 
magnetic solenoid 7b are in the neutral state shown in 
Fig. 7(a), PR2 shows a state where the first electromag- 
netic solenoid 6b and the second electromagnetic sole- 
noid 7b are at the gear-engaging position shown in Fig. 
7(e), and PL2 shows a state where the first electromag- 
netic solenoid 6b and the second electromagnetic sole- 
noid 7b are at the gear-engaging position shown in Fig. 
7(c). Fig. 10(a) is a graph illustrating the thrust at each 
of the operation positions of when the first electromag- 
netic solenoid 6b is energized to be operated from a 
state where the first electromagnetic solenoid 6b and 
the second electromagnetic solenoid 7b are in the gear- 
engaged state PR2 shown in Fig. 7(e) up to the gear- 
engaging position PL2 shown in Fig. 7(c). Fig. 10(b) is 
a graph illustrating the thrust at each of the operation 
positions of when the second electromagnetic solenoid 
7b is energized to be operated from a state where the 
first electromagnetic solenoid 6b and the second elec- 
tromagnetic solenoid 7b are in the gear-engaged state 
PL2 shown in Fig. 7(c) up to the gear-engaging position 
PR2 shown in Fig. 7(e). 

[0044] First, described below with reference to Fig. 1 0 
(a) is the thrust at each of the operation positions (graph 
indicated by a solid line) of when the first electromag- 
netic solenoid 6b is energized to be operated from a 
state where the first electromagnetic solenoid 6b and 
the second electromagnetic solenoid 7b are in the gear- 
engaged state PR2 shown in Fig. 7(e) up to the gear- 
engaging position PL2 shown in Fig. 7(c). When an elec- 
tric current is supplied to the electromagnetic coil 66 of 
the first electromagnetic solenoid 6b in the gear-en- 
gaged state shown in Fig. 7(e) (i.e., gear-engaged state 
shown in Fig. 8(e) in the case of the synchronizing de- 
vice), the moving iron core 64b is attracted by the fixed 
iron core 62b to produce a thrust on the operation rod 
63. At the gear-engaging.position PR2 (stroke start po- 
sition), however, the thrust is small since the gap is large 
between the moving iron core 64b and the fixed iron core 
62b. The thrust increases as the moving iron core 64b 
moves toward the fixed iron core 62b. As the neutral po- 
sition represented by PO in Fig. 10(a) is passed, i.e., as 
the neutral state shown in Fig. 7(a) is passed (as the 
neutral state shown in Fig. 8(a) is passed in the case of 
the synchronizing device), the edge 642b of the recess 
641 b of the moving iron core 64b approaches the edge 
622b of the protuberance 621 b of the fixed iron core 62b. 
At the synchronizing position represented by PL1 in Fig. 
10(a), i.e., in the synchronized state shown in Fig. 7(b) 
(in the synchronized state shown in Fig. 8(b) in the case 
of the synchronizing device), the two edges most ap- 
proach each other. In the synchronized state shown in 
Fig. 7(b), the thrust increases since the magnetic flux 



density increases at the two edges. When the synchro- 
nized position represented by PL1 in Fig. 10(a) is 
passed, there is established a state where the recess 
641 b of the moving iron core 64b fits to the protuberance 

5 621b of the fixed iron core 62b. Therefore, the thrust 
decreases since the magnetic flux acts in the radial di- 
rection at the fitting portion. As the moving iron core 64b 
further approaches the fixed iron core 62b, the thrust 
sharply increases and arrives at the gear-engaging po- 

10 sition (end of stroke) represented by PL2 in Fig. 10(a), 
i.e., arrives at the gear-engaged state shown in Fig. 7 
(c) (gear-engaged state shown in Fig. 8(c) in the case 
of the synchronizing device). 

[0045] Next, described below with reference to Fig . 1 0 
15 (b) is the thrust at each of the operation positions (graph 
indicated by a solid line) of when the second electro- 
magnetic solenoid 7b is energized to be operated from 
a state where the first electromagnetic solenoid 6b and 
the second electromagnetic solenoid 7b are in the gear- 
20 engaged state PL2 shown in Fig. 7(c) up to the gear- 
engaging position PR2 shown in Fig. 7(e). When an 
electric current is supplied to the electromagnetic coil 
76 of the second electromagnetic solenoid 7b in the 
gear-engaged state shown in Fig. 7(c) (i.e., gear-en- 
25 gaged state shown in Fig. 8(c) in the case of the syn- 
chronizing device), the moving iron core 74b is attracted 
by the fixed iron core 72b to produce a thrust on the 
operation rod 73. At the gear-engaging position PL2 
(stroke start position), however, the thrust is small since 
30 the gap is large between the moving iron core 74b and 
the fixed iron core 72b. The thrust increases as the mov- 
ing iron core 74b moves toward the fixed iron core 72b. 
As the neutral position represented by PO in Fig. 1 0(b) 
is passed, i.e., as the neutral state shown in Fig. 7(a) is 
35 passed (as the neutral state shown in Fig. 8(a) is passed 
in the case of the synchronizing device), the edge 742b 
of the recess 741b of the moving iron core 74b ap- 
proaches the edge 722b of the protuberance 721b of 
the fixed iron core 72b. At the synchronizing position 
40 represented by PR1 in Fig. 10(b), i.e., in the synchro- 
nized state shown in Fig. 7(d) (in the synchronized state 
shown in Fig. 8(d) in the case of the synchronizing de- 
vice), the two edges most approach each other. In the 
synchronized state shown in Fig. 7(d), the thrust in- 
45 creases since the magnetic flux density increases at the 
two edges. When the synchronized position represent- 
ed by PR1 in Fig. 10(b) is passed, there is established 
a state where the recess 741 b of the moving iron core 
74b fits to the protuberance 721b of the fixed iron core 
50 72b. Therefore, the thrust decreases since the magnetic 
flux acts in the radial direction at the fitting portion. As 
the moving iron core 74b further approaches the fixed 
iron core 72b, the thrust sharply increases and arrives 
at the gear-engaging position (end of stroke) represent- 
55 ed by PR2 in Fig. 1 0(b) : i.e. : arrives at the gear-engaged 
state shown in Fig. 7(e) (gear-engaged state shown in 
Fig. 8(e) in the case of the synchronizing device). 
[0046] As described above, the shift actuator 5b com- 
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prising the first electromagnetic solenoid 6b and the sec- 
ond electromagnetic solenoid 7b according to the third 
embodiment has such characteristics that the thrust 
once swells at the synchronizing positions (PL1, PR1) 
of the synchronizing device. Namely, a predetermined 
thrust is obtained at the synchronizing position where 
the operation force is required, making it possible to use 
the electromagnetic solenoids of a small size. In Figs. 
1 0(a) and 1 0(b), broken lines show th rust characteristics 
of when the shift actuator 5 in the above-mentioned first 
embodiment has a size same as that of the shift actuator 
5b in the above-mentioned third embodiment; from 
which it is learned that the thrust is small at the synchro- 
nizing positions (PL1 , PR1 ) when compared to the thrust 
characteristics of the shift actuator 5b of the third em- 
bodiment indicated by the solid lines. In order for the 
shift actuator 5 of the first embodiment to produce the 
thrust at the synchronizing positions (PL1, PR1) com- 
parable to that of the shift actuator 5b of the third em- 
bodiment, the shift actuator 5 of the first embodiment 
must use the electromagnetic solenoids of a large size. 
The shift actuator 5b of the third embodiment, on the 
other hand : can employ the electromagnetic solenoids 
of a small size. Further, the shift actuator 5b according 
to the third embodiment produces, at the end of the 
stroke, a thrust which is smaller than that of the shift 
actuator 5 of the first embodiment and hence, produces 
a decreased impact at the end of the stroke. The third 
embodiment shown in Fig. 6 has dealt with the case 
where the invention was applied to the push -type actu- 
ator corresponding to that of the first embodiment. How- 
ever, the same action and effect are also obtained even 
by applying the present invention to the pull-type actu- 
ator of the second embodiment. 
[0047] Next, a fourth embodiment of the shift actuator 
constituted according to the present invention will be de- 
scribed with reference to Fig. 9. In the shift actuator 5c 
of the fourth embodiment shown in Fig. 9, the same 
members as those of the third embodiment shown in 
Fig. 6 are denoted by the same reference numerals but 
are not described again in detail. 
[0048] According to the shift actuator 5c of the fourth 
embodiment, the stepped protuberances 621c, 721c 
formed at the centers on the end surfaces of the fixed 
iron cores 62c, 72c constituting the first electromagnetic 
solenoid 6c and the second electromagnetic solenoid 
7c as well as the stepped recesses 641c, 741c corre- 
sponding to the protuberances 621 c, 72 1 c formed at the 
centers on the end surfaces of the fixed iron cores 62c, 
72c, have shapes different from the shapes of the 
stepped protuberances 621 b : 721b of the actuator 5b 
and of the stepped recesses 641 b, 741 b of the third em- 
bodiment shown in Fig. 6. That is, the outer peripheral 
surfaces of the protuberances 621b, 721 band the inner 
peripheral surfaces of the recesses 641b, 741b, have 
the same diameters over the full length in the third em- 
bodiment In the shift actuator 5c according to the fourth 
embodiment shown in Fig. 9 t on the other hand, the out- 



er peripheral surfaces of the protuberances 621c, 721c 
and the inner peripheral surfaces of the recesses 641 c : 
741c are tapered. The thus constituted shift actuator 5c 
exhibits intermediate thrust characteristics as indicated 
5 by dot-and-dash chain lines in Figs. 10(a) and 10(b) ly- 
ing between the thrust characteristics of the shift actu- 
ator 5b of the third embodiment indicated by the solid 
lines and the thrust characteristics of the actuator 5 of 
the first embodiment indicated by the broke lines. The 

10 thrust characteristics approach those indicated by the 
solid lines when the outer peripheral surfaces of the pro- 
tuberances 621c, 721c and the outer peripheral surfac- 
es of the recesses 641c, 741c have a small tapered an- 
gle, and approach those indicated by the broken lines 

*s when the outer peripheral surfaces of the protuberances 
621c, 721c and the outer peripheral surfaces of the re- 
cesses 641c, 741c have a large tapered angle. 
[0049] Next, a fifth embodiment of the shift actuator 
constituted according to the present invention will be de- 

20 scribed with reference to Figs. 11 and 12. in the shift 
actuator 5d of the fifth embodiment shown in Figs. 11 
and 1 3, the same members as those of the first embod- 
iment shown in Fig. 4 are denoted by the same refer- 
ence numerals but are not described again in detail. 

25 [0050] The shift actuator 5d according to the fifth em- 
bodiment has features as described below. That is, in 
the fixed iron core 62 and the moving iron core 64 con- 
stituting the first electromagnetic solenoid 6d, the op- 
posing areas of the outer peripheral surface 640 of the 

30 moving iron core 64 and the inner peripheral surface 610 
of the casing 61 that works as the fixed yoke are so con- 
stituted as to decrease, at a position where the attraction 
ends shown in Fig. 12(a) after the moving iron core 64 
is attracted by the fixed iron core 62 as a result of sup- 

35 plying the current to the electromagnetic coil 66. In the 
illustrated embodiment, the outer peripheral surface 640 
of the moving iron core 64 is opposed to the entire inner 
peripheral surface 610 of the casing 61 that works as 
the fixed yoke when the shift actuator 5a is in the neutral 

•to state shown in Fig. 11 and when the shift actuator 5a is 
operated by the second electromagnetic solenoid 7d as 
will be described later with reference to Fig. 12(b).' In the 
illustrated embodiment, further, the opposing area is so 
constituted as to become zero (0) between the outer pe- 

45 ripheral surface 640 of the moving iron core 64 and the 
inner peripheral surface 610 of the casing 61 working 
as the fixed yoke, at a position where attraction ends 
shown in Fig. 12(a) after the moving iron core 64 is at- 
tracted by the fixed iron core 62. 

so [0051 ] Further in the fixed iron core 72 and the mov- 
ing iron core 74 constituting the second electromagnetic 
solenoid 7d, the opposing areas of the outer peripheral 
surface 740 of the moving iron core 74 and the inner 
peripheral surface 71 0 of the casing 71 working as the 

55 fixed yoke are so constituted as to decrease, at a posi- 
tion where the attraction ends shown in Fig. 12(b) after 
the moving iron core 74 is attracted by the fixed iron core 
72 as a result of supplying the current to the electromag- 
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netic coil 76. In the illustrated embodiment the outer pe- 
ripheral surface 740 of the moving iron core 74 is entirely 
opposed to the inner peripheral surface 710 of the cas- 
ing 71 that works as the fixed yoke when the shift actu- 
ator 5 is in the neutral state shown in Fig. 11 and when 5 
the shift actuator 5 is operated by the first electromag- 
netic solenoid 6 as shown in Fig. 12(a). In the illustrated 
embodiment, further the opposing area is constituted 
as to become zero (0) between the outer peripheral sur- 
face 740 of the moving iron core 74 and the inner pe- 10 
ripheral surface 710 of the casing 71 working as the 
fixed yoke, at a position where attraction ends shown in 
Fig. 12(b) after the moving iron core 74 is attracted by 
the fixed iron core 72. 

[0052] The shift actuator 5d according to the fifth em- ?5 
bodiment is constituted as described above. Described 
below with reference to Figs. 8, 13 and 19 are a rela- 
tionship between the operation positions of the first elec- 
tromagnetic solenoid 6d and of the second electromag- 
netic solenoid 7d and the corresponding shift stroke po- 20 
sitions of the synchronizing device with which the trans- 
mission (not shown) is furnished, as well as the thrusts 
at the operation positions of the first electromagnetic so- 
lenoid 6 and of the second electromagnetic solenoid 7. 
[0053] Fig. 13 illustrates the operation states of the 25 
first electromagnetic solenoid 6d and of the second elec- 
tromagnetic solenoid 7d. In Fig. 13, Fig. 13(a) illustrates 
a state where the synchronizing device is brought to a 
neutral position, Fig. 13(b) illustrates a state where the 
synchronizing device is brought to a synchronizing po- 30 
sition by the first electromagnetic solenoid 6d, Fig. 13 
(c) illustrates a state where the synchronizing device is 
brought to a gear-engaging position by the first electro- 
magnetic solenoid 6d, Fig. 13(d) illustrates a state 
where the synchronizing device is brought to a synchro- 35 
nizing position by the second electromagnetic solenoid 
7d, and Fig. 13(e) illustrates a state where the synchro- 
nizing device is brought to a gear-engaging position by 
the second electromagnetic solenoid 7d. 
[0054] Fig. 19 is a diagram illustrating a relationship 40 
between the thrusts and the. operation positions of op- 
eration rods 63 and 73 of the first electromagnetic sole- 
noid 6d and of the second electromagnetic solenoid 7d. 
In Figs. 19(a) and 1 9(b), the operation position POofthe 
electromagnetic solenoid shows a state where the first 45 
electromagnetic solenoid 6d and the second electro- 
magnetic solenoid 7d are in the neutral state shown in 
Fig. 13(a), PR2 shows a state where the first electro- 
magnetic solenoid 6d and the second electromagnetic 
solenoid 7d are at the gear-engaging position shown in so 
Fig. 13(e), and PL2 shows a state where the first elec- 
tromagnetic solenoid 6d and the second electromagnet- 
ic solenoid 7d are at the gear-engaging position shown 
in Fig. 13(c). Fig. 19(a) is a graph illustrating the thrust 
at each of the operation positions of when the first elec- 55 
tromagnetic solenoid 6d is energized to be operated 
from a state where the first electromagnetic solenoid 6d 
and the second electromagnetic solenoid 7d are in the 



gear-engaged state PR2 shown in Fig. 13(e) up to the 
gear-engaging position PL2 shown in Fig. 13(c). Fig. 19 
(b) is a graph illustrating the thrust at each of the oper- 
ation positions of when the second electromagnetic so- 
lenoid 7d is energized to be operated from a state where 
the first electromagnetic solenoid 6d and the second 
electromagnetic solenoid 7d are in the gear-engaged 
state PL2 shown in Fig. 13(c) up to the gear-engaging 
position PR2 shown in Fig. 13(e). In Figs. 19(a) and 19 
(b), the solid lines indicate thrust characteristics of the 
first electromagnetic solenoid 6d and of the second elec- 
tromagnetic solenoid 7d constituting the shift actuator 
5d of the fifth embodiment, and the broken lines indicate 
thrust characteristics of when the conventionally em- 
ployed electromagnetic solenoids are applied to the shift 
actuator. 

[0055] First, described below with reference to Fig. 1 9 
(a) is the thrust at each of the operation positions (graph 
indicated by the solid line) of when the first electromag- 
netic solenoid 6d is energized to be operated from a 
state where the first electromagnetic solenoid 6d and 
the second electromagnetic solenoid 7d are in the gear- 
engaged state PR2 shown in Fig. 8(e) up to the gear- 
engaging position PL2 shown in Fig. 8(c). The thrust 
characteristics of when the conventionally used electro- 
magnetic solenoids are applied to the shift actuator are 
such that the thrust sharply increases as indicated by 
the broken line as the operation position approaches the 
end of the stroke (PL2) from the position where the 
stroke starts (PR2) (as the moving iron core approaches 
the fixed iron core). 

[0056] In the shift actuator 5d of the fifth embodiment, 
when an electric current is supplied to the electromag- 
netic coil 66 of the first electromagnetic solenoid 6d in 
the gear-engaged state shown in Fig. 13(e) (gear-en- 
gaged state shown in Fig. 8(e) in the case of the syn- 
chronizing device), the moving iron core 64 is attracted 
by the fixed iron core 62 to produce a thrust on the op- 
eration rod 63. At the gear-engaging position PR2 
(stroke start position), however, the thrust is small since 
the gap is large between the moving iron core 64 and 
the fixed iron core 62. The thrust increases as the mov- 
ing iron core 64 moves toward the fixed iron core 62. 
The thrust increases, like that of the conventional coun- 
terpart as indicated by the broken line, until the synchro- 
nized state represented by PL1 in Fig. 20(a) is reached, 
i.e., until the synchronized state shown in Fig. 13(b) is 
reached (until the synchronized state shown in Fig. 8(b) 
is reached in the case of the synchronizing device) past 
the neutral position represented by PO in Fig. 19(a), i. 
e., past the neutral state shown in Fig. 13(a) (past the 
neutral state shown in Fig. 8(a) in the case of the syn- 
chronizing device). In the shift actuator 5d according to 
the fifth embodiment, the right end of the outer periph- 
eral surface 640 of the moving iron core 64 comes into 
agreement with the right end of the inner peripheral sur- 
face 610 of the casing 61 that works as a fixed yoke at 
the synchronizing position PL1 , as shown in Fig. 13(b). 
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[0057] As the moving iron core 64 moves toward the 
fixed iron core 62 from the synchronized state shown in 
Figs. 13(b) and 8(b) s the opposing areas decrease be- 
tween the outer peripheral surface 640 of the moving 
iron core 64 and the inner peripheral surface 61 0 of the 5 
casing 61 working as the fixed yoke. As a result., reluc- 
tance increases between the casing 61 working as the 
fixed yoke and the moving iron core 64, and the mag- 
netic flux density decreases in the attraction portion (op- 
posing surfaces of the fixed iron core 62 and of the mov- 
ing iron core 64). Therefore, though the gap between 
the moving iron core 64 and the fixed iron core 62 be- 
comes small after having passed the synchronizing po- 
sition PL1 , the thrust of the first electromagnetic sole- 
noid 6d does not sharply increase and arrives at the 
gear-engaging position (end of stroke) represented by 
PL2, i.e., arrives at the gear-en gaged state shown in Fig. 
1 3(c) (gear-engaged state shown in Fig. 8(c) in the case 
of the synchronizing. device) at a relatively smaller value 
compared with that of the broken line of the prior art, as 
shown in Fig. 19(a). 

[0058] Next, described below with reference to Fig. 1 9 
(b) is the thrust at each of the operation positions (graph 
indicated by the solid line) of when the second electro- 
magnetic solenoid 7d is energized to be operated from 
a state where the first electromagnetic solenoid 6d and 
the second electromagnetic solenoid 7d are in the gear- 
engaged state PL2 shown in Fig. 13(c) up to the gear- 
engaging position PR2 shown in Fig. 13(e). When an 
electric current is supplied to the electromagnetic coil 
76 of the second electromagnetic solenoid 7d in the 
gear-engaged state shown in Fig. 13(c) (gear-engaged 
state shown in Fig. 8(c) in the case of the synchronizing 
device), the moving iron core 74 is attracted by the fixed 
iron core 72 to produce a thrust on the operation rod 73. 
At the gear-engaging position PL2 (stroke start posi- 
tion), however, the thrust is small since the gap is large 
between the moving iron core 74 and the fixed iron core 
72. The thrust increases as the moving iron core 74 
moves toward the fixed iron core 72. The thrust increas- 
es, like that of the conventional counterpart as indicated 
by the broken line, until the synchronizing state repre- 
sented by PL1 in Fig. 19(b) is reached, i.e., until the syn- 
chronized state shown in Fig. 1 3(d) is reached (until the 
synchronized state shown in Fig. 8(d) is reached in the 
case of the synchronizing device) past the neutral posi- 
tion represented by PO in Fig. 1 9(b), i.e., past the neutral 
state shown in Fig. 13(a) (past the neutral state shown 
in Fig. 8(a) in the case of the synchronizing device). In 
the shift actuator 5d according to the fifth embodiment, 
the left end of the outer peripheral surface 740 of the 
moving iron core 74 comes into agreement with the left 
end of the inner peripheral surface 71 0 of the casing 71 
that works as a fixed yoke at the synchronizing position 
PL1 , as shown in Fig. 13(d). 

[0059] As the moving iron core 74 moves toward the 
fixed iron core 72 from the synchronized state shown in 
Figs. 13(d) and 8(d), the opposing areas decrease be- 
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tween the outer peripheral surface 740 of the moving 
iron core 74 and the inner peripheral surface 710 of the 
casing 71 working as the fixed yoke. As a result, reluc- 
tance increases between the casing 71 working as the 
fixed yoke and the moving iron core 74, and the mag- 
netic flux density decreases in the attraction portion (op- 
posing surfaces of the fixed iron core 72 and of the mov- 
ing iron core 67). Therefore, though the gap between 
the moving iron core 74 and the fixed iron core 72 be- 
comes small after having passed the synchronizing po- 
sition PL1 . the thrust of the first electromagnetic sole- 
noid 7d does not sharply increase and arrives at the 
gear-engaging position (end of stroke) represented by 
PR2, i.e., arrives at the gear-engaged state shown in 
Fig. 13(e) (gear-engaged state shown in Fig. 8(e) in the 
case of the synchronizing device) at a relatively smaller 
value compared with that of the broken line of the prior 
art, as shown in Fig. 19(b). 

[0060] As described above, the shift actuator 5d ac- 
cording to the fifth embodiment comprises the first elec- 
tromagnetic solenoid 6d and the second electromagnet- 
ic solenoid 7d for actuating the operation lever 50 (op- 
eration member) coupled to the shift lever 34 in the di- 
rections opposite to each other. Therefore, the shift ac- 
tuator features improved durability since it has no rotary: 
mechanism and features a compact constitution and an 
increased operation speed since it needs no speed re- 
duction mechanism constituted by a ball-screw mecha- 
nism or a gear mechanism that is employed by the ac- 
tuator that uses ah electric motor. Further, the shift ac- 
tuator 5d according to the fifth embodiment is so consti- 
tuted that opposing areas of the outerperipheral surface 
640 or 740 of the moving iron core 64 or 74 and the inner 
peripheral surface 610 or 710 of the casing 61 or 71 
working as a fixed yoke decrease, at a position where 
the attraction ends as shown in Figs. 12(a) and 12(b). 
Therefore, the reluctance increases between the casing 
61 or 71 that works as the fixed yoke and the moving 
iron core 64 or 74, and the magnetic flux density de- 
creases in the attraction portion, enabling the thrust to 
be decreased at the end of the stroke of the first elec- 
tromagnetic solenoid 6d or the second electromagnetic 
solenoid 7d. It is therefore allowed to soften the impact 
on the moving iron cores 64, 74 and on the clutch 
sleeves of the synchronizing device at the end of the 
stroke. 

[0061] Next, the shift actuator constituted according 
to a sixth embodiment of the present invention will be 
described with reference to Figs. 14 and 15. In the shift 
actuator 5e according to the sixth embodiment shown 
in Figs. 14 and 15, the members same as those of the 
above-mentioned embodiments are denoted by the 
same reference numerals and their description is not re- 
peated. 

[0062] The shift actuators of the fifth embodiment are 
of the pushing type. The shift actuator 5e of the sixth 
embodiment shown in Figs. 14 and 15, however, is of 
the pulling type. That is, the shift actuator 5e according 
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to the sixth embodiment has a first electromagnetic so- 
. lenoid 6e and a second electromagnetic solenoid 7e for 
actuating, in the directions opposite to each other the 
operation lever 50 mounted on the control shaft 32. The 
first electromagnetic solenoid 6e comprises a casing 
61 e } an electromagnetic coil 66e wound on a bobbin 65e 
that is disposed in the casing 61 e and is made of a non- 
magnetic material such as a synthetic resin, a fixed iron 
core 62e disposed in the electromagnetic coil 66e, a 
moving iron core 64e that is made of a magnetic material 
and is disposed to be allowed to approach, and separate 
away from, the fixed iron core 62e, and a cylindrical slide 
guide 67e that is made of a suitable synthetic resin and 
is disposed on the inside of the bobbin 65e to guide the 
motion of the moving iron core64e. In the illustrated em- 
bodiment, the casing 61 e is made of the magnetic ma- 
terial, has an inner peripheral surface 61 Oe opposed to 
the outer peripheral surface 640e of the moving iron 
core 64e, and is constituted to work as a fixed yoke. 
[0063] The second electromagnetic solenoid 7e is 
disposed opposed to the first electromagnetic solenoid 
6e. Like the first electromagnetic solenoid 6e, the sec- 
ond electromagnetic solenoid 7e ? too, comprises a cas- 
ing 71 e, an electromagnetic coil 76e wound on a bobbin 
75e that is disposed in the casing 71 e and is made of a 
nonmagnetic material such as a synthetic resin, a fixed 
iron core 72e disposed in the electromagnetic coil 76e, 
a moving iron core 74e that is made of a magnetic ma- 
terial and is disposed to be allowed to approach, and 
separate away from, the fixed iron core 72e, and a cy- 
lindrical slide guide 77e that is made of a suitable syn- 
thetic resin and is disposed on the inside of the bobbin 
75e to guide the motion of. the moving iron core 74e. 
Like the casing 61 e, the casing 71 e, too, is made of the 
magnetic material, has an inner peripheral surface 71 Oe 
opposed to the outer peripheral surface 740e of the 
moving iron core 74e, and works as a fixed yoke. In the 
shift actuator 5e of the sixth embodiment, the moving 
iron core 64e of the first electromagnetic solenoid 6e 
and the moving iron core 74e of the second electromag- 
netic solenoid 7e are coupled together by an operation 
rod. 78e. A groove 781 e is formed in the central portion 
of the operation rod 78e, and an end of the operation 
lever 50 is brought into engagement with the groove 
781 e. 

[0064] The shift actuator 5e according to the sixth em- 
bodiment is constituted as described above. The oper- 
ation will now be described below. 
[0065] When an electric current is supplied to the 
electromagnetic coil 76e of the second electromagnetic 
solenoid 7e, the moving iron core 74e is attracted by the 
fixed iron core 72e as shown in Fig. 15(a). As a result, 
the operation rod 78e coupled to the moving iron core 
74e moves toward the left in Fig. 1 5, causing the control 
shaft 32 to turn clockwise via the operation lever 50 of 
which the end is fitted to the groove 781 e formed in the 
central portion of the operation rod 78e. Therefore, the 
shift lever 34 constituted integratediy with the shift 



sleeve 35 mounted on the control shaft 32.. is shifted in 
one direction. Here, the areas opposing to each other 
of the fixed iron core 72e and the moving iron core 74e 
are so constituted as to decrease, at a position where 
5 the attraction ends shown in Fig. 1 5(a) after the moving 
iron core 74e is attracted by the fixed iron core 72e as 
a result of supplying a current to the electromagnetic coil 
76e. In the illustrated embodiment, the outer peripheral 
surface 740e of the movingjron core 74e is opposed to 
10 the entire inner peripheral surface 71 Oe of the casing 
71 e that works as the fixed yoke when the shift actuator 
5e is in the neutral state shown in Fig. 1 4 and when the 
shift actuator 5e is operated by the first electromagnetic 
solenoid 6e as will be described later with reference to 
15 Fig. 1 5(b). In the illustrated embodiment., further, the op- 
posing area is so constituted as to become zero (0) be- 
tween the outer peripheral surface 740e of the moving 
iron core 74e and the inner peripheral surface 71 Oe of 
the casing 71 e working as the fixed yoke, at a position 
20 where attraction ends shown in Fig. 1 5(a) after the mov- 
ing iron core 74e is attracted by the fixed iron core 72e. 
[0066] Further, when the electric current is supplied 
to the electromagnetic coil 66e of the first electromag- 
netic solenoid 6e, the moving iron core 64e Ss attracted 
25 by the fixed iron core 62e. As a result, the operation rod 
78e coupled to the moving iron core 64e moves toward 
the right in Fig. 14, causing the control shaft 32 to turn 
counterclockwise via the operation lever 50 of which the 
end is fitted to the groove 781a formed in the central 
30 portion of the operation rod 78a. Therefore, the shift le- 
ver 34 constituted integratediy with the shift sleeve 35 
mounted on the control shaft 32, is shifted in the other 
direction. Here, the areas opposing to each other of the 
fixed iron core 62e and the moving iron core 64e are so 
35 constituted as to decrease, at a position where the at- 
traction ends shown in Fig. 15(b) after the moving iron 
core 64e is attracted by the fixed iron core 62e as a result 
of supplying a current to the electromagnetic coil 66e. 
In the illustrated embodiment, the outer peripheral sur- 
4 o face 640e of the moving iron core 64e is opposed to the 
entire inner peripheral surface 61 Oe of the casing 61 e 
that works as the fixed yoke when the shift actuator 5e 
is in the neutral state shown in Fig. 1 4 and when the shift 
actuator 5e is operated by the second electromagnetic 
45 solenoid 7e as shown in Fig. 15(a). In the illustrated em- 
bodiment, further, the opposing area is so constituted 
as to become zero (0) between the outer peripheral sur- 
face 640e of the moving iron core 64e and the inner pe- 
ripheral surface 61 Oe of the casing 61 e working as the 
50 fixed yoke, at a position where attraction ends shown in 
Fig. 15(b) after the moving iron core 64e is attracted by 
the fixed iron core 62e. 

[0067] Like the shift actuator 5d of the fifth embodi- 
ment as described above, the shift actuator 5e accord- 
55 ing to the sixth embodiment is so constituted that op- 
posing areas of the outer peripheral surface 740e or 
640e of the moving iron core 74e or 64e and the inner 
peripheral surface 710e or 61 Oe of the casing 71e or 
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61 e working as a fixed yoke decrease, at a position 
where the attraction ends, as shown in Figs. 15(a) and 
15(b). Therefore, the reluctance increases between the 
casing 71 e or 61 e that works as the fixed yoke and the 
moving iron core 74e or 64e, and the magnetic flux den- 
sity decreases in the attraction portion, 'enabling the 
thrust to be decreased at the end of the stroke of the 
second electromagnetic solenoid 7e or the first electro- 
magnetic solenoid 6e. It is therefore allowed to soften 
the impact on the moving iron cores 74e, 64e and on 
the clutch sleeves of the synchronizing device at the end 
of the stroke. 

[0068] Next, the shift actuator constituted according 
to a seventh embodiment of the present invention will 
be described with reference to Figs. 1 6 and 1 7. The shift 
actuator 5f shown in Figs. 16 and 17 is mechanically 
substantially the same as the shift actuator 5b of the 
third embodiment shown in Fig. 6. Therefore, the same 
members are denoted by the same reference numerals 
and their description is not repeated. 
[0069] The shift actuator 5f according to the seventh 
embodiment has a feature in that the feature of the shift 
actuator 5d of the fifth embodiment is applied to the shift 
actuator 5b of the third embodiment. 
[0070] That is, opposing areas of the fixed iron core 
62b and the moving iron core 64b constituting the first 
electromagnetic solenoid 6f are so constituted as to de- 
crease, at a position where the attraction ends shown 
in Fig. 17(c) after the moving iron core 64b is attracted 
by the fixed iron core 62b as a result of supplying a cur- 
rent to the electromagnetic coil 66. In the illustrated em- 
bodiment, the outer peripheral surface 640f of the mov- 
ing iron core 64b is opposed to the entire inner periph- 
eral surface 610 of the casing 61 that works as the fixed 
yoke when the shift actuator 5f is in the neutral state 
shown in Figs. 1 6 and 1 7(a) and when the shift actuator 
5f is operated by the second electromagnetic solenoid 
7f that will be described later. In the illustrated embodi- 
ment, further, the opposing area is so constituted as to 
become zero (0) between the outer peripheral surface 
640f of the moving iron core 64b and the inner peripheral 
surface 61 0 of the casing 61 working as the fixed yoke, 
at a position where attraction ends shown in Fig. 17(c) 
after the moving iron core 64b is attracted by the fixed 
iron core 62b. 

[0071] Further, the opposing areas of the fixed iron 
core 72b and the moving iron core 74b constituting the 
second electromagnetic solenoid 7f are so constituted 
as to decrease, at a position where the attraction ends 
shown in Fig. 17(e) after the moving iron core 74b is 
attracted by the fixed iron core 72b as a result of sup- 
plying a current to the electromagnetic coil 76. In the 
illustrated embodiment, the outer peripheral surface 
740f of the moving iron core 74b is opposed to the entire 
inner peripheral surface 71 0 of the casing 71 that works 
as the fixed yoke when the shift actuator 5f is in the neu- 
tral state and when the shift actuator 5f is operated by 
the first electromagnetic solenoid 6f as shown in Figs. 



16 and 17(a). In the illustrated embodiment, further, the 
opposing area is so constituted as to become zero (0) 
between the outer peripheral surface 740f of the moving 
iron core 74b and the inner peripheral surface 71 0 of the 
s casing 71 working as the fixed yoke, at a position where 
attraction ends shown in Fig. 1 7(e) after the moving iron 
core 74b is attracted by the fixed iron core 72b. 
[0072] The shift actuator 5f according to the seventh 
embodiment is constituted as described above. De- 
w scribed below with reference to Figs. 17, 19 and 8 are 
a relationship between the operation positions of the first 
electromagnetic solenoid 6f and of the second electro- 
magnetic solenoid 7f and the corresponding shift stroke 
positions of the synchronizing device with which the 
is transmission (not shown) is furnished, as well as the 
thrusts at the operation positions of the first electromag- 
netic solenoid 6f and of the second electromagnetic so- 
lenoid 7f. 

[0073] Fig. 17 illustrates the operation states of the 
first electromagnetic solenoid 6f and of the second elec- 
tromagnetic solenoid 7t In Fig. 17, Fig. 17(a) illustrates 
a state where the synchronizing device is brought to. a 
neutral position, Fig. 17(b) illustrates a state where the 
synchronizing device is brought to a synchronizing po- 
sition by the first electromagnetic solenoid 6f, Fig. 1 7(c) 
illustrates a state where the synchronizing device is 
brought to a gear-engaging position by the first electro- 
magnetic solenoid 6f , Fig. 1 7(d) illustrates a state where 
the synchronizing device is brought to a synchronizing 
position by the second electromagnetic solenoid 7f , and 
Fig. 1 7(e) illustrates a state where the synchronizing de- 
vice is brought to a gear-engaging position by the sec- 
ond electromagnetic solenoid 7f. 
[0074] First, described below with reference to Fig. 1 9 
(a) is the thrust at each of the operation positions (graph 
indicated by a dot-and-dash line) of when the first elec- 
tromagnetic solenoid 6f is energized to be operated from 
a state where the first electromagnetic solenoid 6f and 
the second electromagnetic solenoid 7f are in the gear- 
engaged state PR2 shown in Fig. 17(e) up to the gear- 
engaging position PL2 shown in Fig. 17(c). When an 
electric current is supplied to the electromagnetic coil 
66 of the first electromagnetic solenoid 6f in the gear- 
engaged state shown in Fig. 17(e) (gear-engaged state 
shown in Fig. 8(e) in the case of the synchronizing de- 
vice), the moving iron core 64b is attracted by the fixed 
iron core 62b to produce a thrust on the operation rod 
63. At the gear-engaging position PR2 (stroke start po- 
sition), however, the thrust is small since the gap is large 
between the moving iron core 64b and the fixed iron core 
62b. The thrust increases as the moving iron core 64b 
moves toward the fixed iron core 62b. As the neutral po- 
sition represented by PO in Fig. 19(a) is passed, i.e., as 
the neutral state shown in Fig. 17(a) is passed (as the 
neutral state shown in Fig. 8(a) is passed in the case of 
the synchronizing device), the edge 642b of the recess 
641b of the moving iron core 64b approaches the edge 
622b of the protuberance 621 b of the fixed iron core 62b. 
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At the synchronizing position represented by PL1 in Fig. 
19(a), i.e... in the synchronized state shown in Fig. 17(b) 
(in the synchronized state shown in Fig. 8(b) in the case 
of the synchronizing device), the two edges most ap- 
proach each other. In the synchronized state shown in 
Fig. 17(b), the thrust increases since the magnetic flux 
density increases at the two edges. At this moment, the 
right en d of the outer peripheral surface 640f of the mov- 
ing iron core 64b comes into agreement with, or is po- 
sitioned slightly to the right side of : the right end of the 
inner peripheral surface 610 of the casing 61 that works 
as the fixed yoke : as shown in Fig. 17(b). 
[0075] When the synchronizing position represented 
by PL1 in Fig. 19(a) is passed, there is established a 
state where the recess 621 b of the moving iron core 64b 
fits to the protuberance 641 b of the fixed iron core 62b. 
At this fitting portion, the magnetic flux acts in the radial 
direction and hence, the thrust decreases. As the mov- 
ing iron core 64b rurther approaches the fixed iron core 
62b, the thrust increases and arrives at the gear-en- 
gaged state (end of the stroke) represented by PL2 in 
Fig. 19(a), i.e., arrives at the gear-engaged state shown 
in Fig. 17(c) (gear-engaged state shown in Fig. 8(c) in 
the case of the synchronizing device). Here, in a range 
from the synchronizing position represented by PL1 to 
the gear-engaging position (end of the stroke) repre- 
sented by PL2, the opposing areas of the outer periph- 
eral surface 640f of the moving iron core 64b and the 
inner peripheral surface 610 of the casing 61 working 
as a fixed yoke are so constituted as to gradually de- 
crease. Therefore, reluctance increases between the 
moving iron core 64b and the casing 61 working as the 
fixed yoke, and the magnetic flux density decreases in 
the attraction portion, making it possible to decrease the 
thrust at the end of the stroke of the first electromagnetic 
solenoid 6b. It is therefore allowed to soften the impact 
on the moving iron core 64b and on the clutch sleeves 
of the synchronizing device at the end of the stroke. 
[0076] Next, described below with reference to Fig. 1 9 
(b) is the thrust at each of the operation positions (graph 
indicated by a dot-and-dash line) of when the second 
electromagnetic solenoid 7b. is energized to be operated 
from a state where the first electromagnetic solenoid 6f 
and the second electromagnetic solenoid 7f are in the 
gear-engaged state PL2 shown in Fig. 17(c) up to the 
gear-engaging position PR2 shown in Fig. 17(e). When 
an electric current is supplied to the electromagnetic coil 
76 of the second electromagnetic solenoid 7f in the 
gear-engaged state shown in Fig. 1 7(c) (gear-engaged 
state shown in Fig. 8(c) in the case of the synchronizing 
device), the moving iron core 74b is attracted by the 
fixed iron core 72b to produce a thrust on the operation 
rod 73. At the gear-engaging position PL2 (stroke start 
position), however, the thrust is small since the gap is 
large between the moving iron core 74b and the fixed 
iron core 72b. The thrust increases as the moving iron 
core 74b moves toward the fixed iron core 72b. As the 
neutral position represented by PO in Fig. 19(b) is 



passed, i.e., as the neutral state shown in Fig. 17(a) is 
passed (as the neutral state shown in Fig. 8(a) is passed 
in the case of the synchronizing device), the edge 742b 
of the recess 741b of the moving iron core 74b ap- 
5 proaches the edge 722b of the protuberance 721b of 
the fixed iron core 72b. At the synchronizing position 
represented by PR1 in Fig. 19(b), i.e., in the synchro- 
nized state shown in Fig. 17(d) (in the synchronized 
state shown in Fig. 8(d) in the case of the synchronizing 
'0 device), the two edges most approach each other. In the 
synchronized state shown in Fig. 17(d), the thrust in- 
creases since the magnetic flux density increases at the 
two edges. At this moment the left end of the outer pe- 
ripheral surface 740f of the moving iron core 74b comes 
'5 into agreement with, or is positioned slightly to the right 
side of, the left end of the inner peripheral surface 710 
of the casing 71 that works as the fixed yoke, as shown 
in Fig. 17(d). 

[0077] When the synchronizing position represented 
so by PR1 in Fig. 19(b) is passed, there is established a 
state where the recess 721 b of the moving iron core 74b 
fits to the protuberance 741 b of the fixed iron core 72b. 
At this fitting portion, the magnetic flux acts in the radial 
direction and hence, the thrust decreases. As the mov- 
?s ing iron core 74b further approaches the fixed iron core 
72b, the thrust increases and arrives at the gear-en- 
gaged state (end of the stroke) represented by PR2 in 
Fig. 1 9(b), i.e., arrives at the gear-engaged state shown 
in Fig. 17(e) (gear-engaged state shown in Fig. 8(e) in 
w the case of the synchronizing device). Here, in a range 
of from the synchronizing position represented by PRt 
to the gear-engaging position (end of the stroke) repre- 
sented by PR2, the opposing areas of the outer periph- 
eral surface 740f of the moving iron core 74b and the 
f 5 inner peripheral surface 710 of the casing 71 working 
as a fixed yoke are so constituted as to gradually de- 
crease. Therefore, reluctance increases between the 
moving iron core 74b and the casing 71 working as the 
fixed yoke, and the magnetic flux density decreases in 
o the attraction portion, making it possible to decrease the 
thrust at the end of the stroke of the second electromag- 
netic solenoid 7b. It is therefore allowed to soften the 
impact on the moving iron core 74b and on the clutch 
sleeves of the synchronizing device at the end of the 
stroke. 

[0078] As described above, the shift actuator 5f com- 
prising the first electromagnetic solenoid 6f and the sec- 
ond electromagnetic solenoid 7f according to the sev- 
enth embodiment has such characteristics that the 

so thrust once swells at the synchronizing positions (PL1 , 
PR1) of the synchronizing device. Namely, a predeter- 
mined thrust is obtained at the synchronizing position 
where the operation force is required, making it possible 
to use the electromagnetic solenoids of a small size. In 

»5 the shift actuator 5f according to the seventh embodi- 
ment, further, an increase in the thrust is suppressed at 
the end of the stroke, and the impact on the moving iron 
core and on the clutch sleeves of the synchronizing de- 
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vice at the end of the stroke is softened. The seventh 
embodiment shown in Figs. 16 and 17 has dealt with a 
case where the invention was applied to the push-type 
actuator of the sixth embodiment. However, the same 
effect is obtained even when the present invention is ap- 5 
plied to the pull-type actuator of the sixth embodiment. 
[0079] Next., the shift actuator constituted according 
to an eighth embodiment of the present invention will be 
described with reference to Fig. 18. The shift actuator 
5g shown in Fig. 18 is mechanically substantially the w 
same as the shift actuator 5c of the fourth embodiment 
shown in Fig. 9. Therefore, the same members are de- 
noted by the same reference numerals and their de- 
scription is not repeated. 

[0080] The shift actuator 5g according to the eighth 15 
embodiment has a feature in that the feature of the shift 
actuator 5d of the fifth embodiment and the feature of 
the shift actuator 5f of the seventh embodiment are ap- 
plied lo the shift actuator 5c of the fourth embodiment. 
[0081] That is, in the shift actuator 5g of the eighth 20 
embodiment, the outer peripheral surfaces of the 
stepped protuberances 621c, 721c formed at the cent- 
ers on the end surfaces of the fixed iron cores 62c, 72c 
constituting the first electromagnetic solenoid 6g and 
the second electromagnetic solenoid 7g, as well as the 25 
inner surfaces of the stepped recesses 641c, 741c of 
the moving iron cores 64c, 74c corresponding to the 
above protuberance 621c and 721c formed at the cent- 
ers on the end surfaces of the fixed iron cores 62c and 
72c are tapered. Further, the fixed iron cores 62c, 72c 30 
and the moving iron cores 64c, 74c constituting the first 
electromagnetic solenoid 6g and the second electro- 
magnetic solenoid 7g are so constituted that the areas 
opposing to each other of the outer peripheral surfaces 
640g f 740g of the moving iron cores 64c, 74c and the 35 
inner peripheral surfaces 61 0, 71 0 of the casings 61 , 71 
working as fixed yokes decrease, at each a position 
where the attraction ends. The thus constituted shift ac- 
tuator 5g exhibits intermediate thrust characteristics as 
indicated by two-dot chain lines in Figs. 1 9(a) and 1 9(b) 40 
lying between the thrust characteristics of the shift ac- 
tuator 5f of the seventh embodiment indicated by a dot- 
and-dash chain line and the thrust characteristics of the 
actuator 5d of the fifth embodiment indicated by a solid 
line. The thrust characteristics approach those indicated 45 
by the solid lines when the outer peripheral surfaces of 
the protuberances 621c, 721c and the outer peripheral 
surfaces of the recesses 641c, 741c have a small ta- 
pered angle, and approach those indicated by the bro- 
ken lines when the outer peripheral surfaces of the pro- so 
tuberances 621c, 721c and the outer peripheral surfac- 
es of the recesses 641c, 741c have a large tapered an- 
gle. 

[0082] Next, a ninth embodiment of the shift actuator 
constituted according to the present invention will be de- 55 
scribed with reference to Figs. 20 and 21 . In the shift 
actuator 5h of the ninth embodiment shown in Figs. 20 
and 21 , the same members as those of the above-men- 
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tioned embodiments are denoted by the same reference 
numerals but are not described again in detail. 
[0083] The actuator 5h according to the ninth embod- 
iment has a first electromagnetic solenoid 6h and a sec- 
ond electromagnetic solenoid 7h for actuating the oper- 
ation lever 50 mounted on the control shaft 32 in the 
directions opposite to each other. 
[0084] The first electromagnetic solenoid 6h compris- 
es an electromagnetic coil 61 h. a fixed iron core 62h ex- 
cited by the electromagnetic coil 61 h s a first moving iron 
core 63h disposed to be allowed to approach, and sep- 
arate away from, the fixed iron core 62h, a second mov- 
ing iron core 64h fitted slidably onto the outer peripheral 
surface of the first moving iron core 63h, and an opera- 
tion rod 65h mounted on the first moving iron core 63h. 
[0085] The electromagnetic coil 61 h is wound on a 
bobbin 66h made of a nonmagnetic material such as 
synthetic resin. The fixed iron core 62h is made of a 
magnetic material and comprises a base portion 621 h, 
a first cylindrical attraction portion 622h that protrudes 
from the central portion of the base portion 621 h and is 
positioned in the electromagnetic coil 61 h, a cylindrical 
portion 623h protruding in the same direction as the first 
attraction portion 622h from the outer periphery of the. 
base portion 621 h, a second annular attraction portion 
624h provided at an end of the cylindrical portion 623h, 
and a coil accommodation portion 624h formed between 
the first attraction portion 622h and the cylindrical por- 
tion 623h. An electromagnetic coil 61 h wound on the 
bobbin 66h is disposed in the coil accommodation por- 
tion 625h. The first moving iron core 63h is made of a 
magnetic material in a cylindrical shape and is movabiy 
disposed in the electromagnetic coil 61 h. The first mov- 
ing iron core 63h has a mounting hole 631 h which is 
formed in the central portion thereof and of which an in- 
ner diameter corresponds to the outer diameter of a 
small-diameter mounting portion 651 h formed at the 
right portion of the operation rod 65h in the drawing. The 
first moving iron core 63h is mounted by fitting its mount- 
ing hole 631 h into the mounting portion 651 h of the op- 
eration rod 65h. The second moving iron core 64h is 
made of a magnetic rtiaterial in an annular shape, and 
has a mounting hole 641 h of an inner diameter corre- 
sponding to the outer diameter of the first moving iron 
core 63h. By slidably fitting the mounting hole 641 h onto 
the outer peripheral surface of the first moving iron core 
63h, the thus formed second moving iron core 64h is so 
disposed that the outer peripheral portion thereof is op- 
posed to the second attraction portion 624h of the fixed 
iron core 62h. A snap ring 67h is mounted on the outer 
peripheral surface of the first moving iron core 63 h at 
the central portion thereof in the axial direction. The 
snap ring 67h limits the second moving iron core 64h 
from moving toward the fixed iron core 62h. Therefore, 
the snap ring 67h serves as a limiting means for limiting 
the second moving iron core 64h from moving toward 
the fixed iron core 62h side. 

[0086] The operation rod 65h mounting the first mov- 
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ing iron core 63h is made of a nonmagnetic material 
such as stainless steel, and is disposed being inserted 
in a through hole 626h formed in the central portion of 
the base portion 621 h and the first attraction portion 
622h of the fixed iron core 62h. 

[0087] A cover member 69h is disposed at the right 
end of the fixed iron core 62h in Fig. 20, and is mounted 
on a cylindrical portion 623h by screws 690h. The cover 
member 69h covers the first moving iron core 63h and 
the second moving iron core 64h. 
[0088] When a current is supplied to the electromag- 
netic coil 61 h of the thus constituted first electromagnet- 
ic solenoid 6h, the first moving iron core 63h and the 
second moving iron core 64h are attracted by the first 
attraction portion 622h and by the second attraction por- 
tion 624h of the fixed iron core 62h. As a result, the op- 
eration rod 65h onto which the first moving iron core 63h 
and the second moving iron core 64h are mounted 
moves toward the left in Fig. 20, and its end acts on the 
operation lever 50 to turn clockwise on the control shaft 
32 as a center. Therefore, the shift lever 34 constituted 
integratedly with the shift sleeve 35 mounted on the con- 
trol shaft 32 is shifted in one direction. Here, a position 
where the second moving iron core 64h comes in con- 
tact with the second attraction portion 624h of the fixed 
iron core 62h in the range of stroke of the operation rod 
65h, is so constituted as to correspond to a position just 
afterthe synchronizing position of the synchronizing de- 
vice as will be described later. 

[0089] The second electromagnetic solenoid 7h will 
be described next. 

[0090] The second electromagnetic solenoid 7h is 
disposed to be opposed to the first electromagnetic so- 
lenoid 6h. Like the first electromagnetic solenoid 6h, the 
second electromagnetic solenoid 7h, too, comprises an 
electromagnetic coil 71 h, a fixed iron core 72h excited 
by the electromagnetic coil 71 h, a first moving iron core 
73h disposed to be allowed to approach, and separate 
away from, the fixed iron core 72h, a second moving 
iron core 74h fitted slidably onto the outer peripheral sur- 
face of the first moving iron core 73h, and an operation 
rod 75h mounted on the first moving iron core 73h. Fur- 
ther, like the first electromagnetic solenoid 6h, the sec- 
ond electromagnetic solenoid 7h, too, comprises a bob- 
bin 76h on which the electromagnetic coil 71 h is wound, 
a snap ring 77h that is fitted onto the outer peripheral 
surface of the first moving iron core 73h and works as 
limiting means for limiting the second moving iron core 
74h from moving toward the fixed iron core 72h side, 
and a cover member 79h for covering the first moving 
iron core 73h and the second moving iron core 74h. 
[0091] When a current is supplied to the electromag- 
neticcoii 71 h of the thus constituted second electromag- 
netic solenoid 7h , the first moving iron core 73h and the 
second moving iron core 74h are attracted by the first 
attraction portion 722h and by the second attraction por- 
tion 724h of the fixed iron core 72h. As a result, the op- 
eration rod 75h to which the first moving iron core 73h 



and the second moving iron core 74h are mounted 
moves toward the right in Fig. 20 ? and its end acts on 
the operation lever 50 to turn counterclockwise on the 
control shaft 32 as a center. Therefore, the shift lever 34 

s constituted integratedly with the shift sleeve 35 mounted 
on the control shaft 32 is shifted in one direction. Here, 
a position where the second moving iron core 74h 
comes in contact with the second attraction portion 724h 
of the fixed iron core 72h in the range of stroke of the 

10 operation rod 75h.. is so constituted as to correspond to 
a position just afterthe synchronizing position of the syn- 
chronizing device as will be described later. 
[0092] TheshiftactuatorShaccordingtotheninth em- 
bodiment is constituted as described above. Described 

'5 below with reference to Figs. 21 , 22 and 8 are a rela- 
tionship between the operation positions of the first elec- 
tromagnetic solenoid 6h and of the second electromag- 
netic solenoid 7h and the corresponding shift stroke po- 
sitions of the synchronizing device with which the trans- 
it? mission (not shown) is furnished, as well as the thrusts 
at the operation positions of the first electromagnetic so- 
lenoid 6h and of the second electromagnetic solenoid 
7h. 

[0093] Fig. 21 illustrates the operation states of the 
25 first electromagnetic solenoid 6h and of the second elec- 
tromagnetic solenoid 7h. In Fig. 21 , Fig. 21 (a) illustrates 
a state where the synchronizing device is brought to a 
neutral position, Fig. 21(b) illustrates a state where the 
synchronizing device is brought up to a position just after 
30 a synchronizing position by the first electromagnetic so- 
lenoid 6h, Fig. 21(c) illustrates a state where the syn- 
chronizing device is brought to a gear-engaging position 
by the first electromagnetic solenoid 6h, Fig. 21 (d) illus- 
trates a state where the synchronizing device is brought 
35 up to a position just after a synchronizing position by the 
second electromagnetic solenoid 7h, and Fig. 21(e) il- 
lustrates a state where the synchronizing device is 
brought to a gear-engaging position by the second elec- 
tromagnetic solenoid 7h. 
40 [0094] Fig. 22 is a diagram illustrating a relationship 
between the thrusts and the operation positions of op- 
eration rods 65h and 75h of the first electromagnetic so- 
lenoid 6h and of the second electromagnetic solenoid 
7h. In Figs. 22(a) and 22(b), the operation position PO 
4 5 of the electromagnetic solenoid represents a state 
where the first electromagnetic solenoid 6h and the sec- 
ond electromagnetic solenoid 7h are in the neutral state 
shown in Fig. 21(a), PR2 represents a state where the 
first electromagnetic solenoid 6h and the second elec- 
so tromagnetic solenoid 7h are at the gear-engaging posi- 
tion shown in Fig. 21(e) : PL2 represents a state where 
the first electromagnetic solenoid 6h and the second 
electromagnetic solenoid 7h are at the gear-engaging 
position shown in Fig. 21(c), PLM represents a state 
55 where the first electromagnetic solenoid 6h and the sec- 
ond electromagnetic solenoid 7h are at positions just af- 
ter the synchronizing positions corresponding to the 
state shown in Fig. 21(b), and PRM represents a state 
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where the first electromagnetic solenoid 6h and the sec- 
ond electromagnetic solenoid 7h are at positions just af- 
ter the synchronizing positions corresponding to the 
state shown in Fig. 21 (d). Fig. 22(a) is a graph illustrat- 
ing the thrust at each of the operation positions of when 5 
the first electromagnetic solenoid 6h is energized to be 
operated from a state where the first electromagnetic 
solenoid 6h and the second electromagnetic solenoid 
7h are in the gear-engaged state PR2 shown in Fig. 21 
(e) up to the gear-engaging position PL2 shown in Fig. w 
21 (c). Fig. 22(b) is a graph illustrating the thrust at each 
of the operation positions of when the second electro- 
magnetic solenoid 7h is energized to be operated from 
a state where the first electromagnetic solenoid 6h and 
the second electromagnetic solenoid 7h are in the gear- *5 
engaged state PL2 shown in Fig. 21 (c) up to the gear- 
engaging position PR2 shown in Fig. 21(e). 
[0095] First, described below with reference to Fig. 22 
(a) is the thrust at each of the operation positions (graph 
indicated by the solid line) of when the first electromag- 20 
netic solenoid 6h is energized to be operated from a 
state where the first electromagnetic solenoid 6h and 
the second electromagnetic solenoid 7h are in the gear- 
engaged state PR2 shown in Fig. 21 (e) up to the gear- 
engaging position PL2 shown in Fig. 21 (c). 25 
[0096] When an electric current is supplied to the 
electromagnetic coil 61 h of the first electromagnetic so- 
lenoid 6h in the gear-engaged state shown in Fig. 21 (e) 
(gear-engaged state shown in Fig. 8(e) in the case of 
the synchronizing device), the fixed iron core 62h is ex- 30 
cited, and the first moving iron core 63h and the second 
moving iron core 64h are attracted by the first attraction 
portion 622h and by the second attraction portion 624h 
to produce a thrust on the operation rod 65h. At the gear- 
engaging position PR2 (stroke start position), however, 35 
the thrust is small as indicated by a solid line (1) since 
the gap is large between the first moving iron core 63h, 
the second moving iron core 64h and the first attraction 
portion 622h, the second attraction portion 624h. The 
thrust increases as indicated by the solid line (1 ) as the 40 
first moving iron core 63h and the second moving iron 
core 64h move toward the first attraction portion 622h 
and the second attraction portion 624h. As the neutral 
position represented by PO in Fig. 22(a) is passed, i.e., 
as the neutral state shown in Fig. 21 (a) is passed (as *s 
the neutral state shown in Fig. 8(a) is passed in the case 
of the synchronizing device), the gap decreases be- 
tween the second moving iron core 64h and the second 
attraction portion 624h s and the thrust sharply increas- 
es. At the synchronizing position represented by PL1 in so 
Fig. 22(a), i.e., at a position just before the second mov- 
ing iron core 64h comes in contact with the second at- 
traction portion 624h (at the synchronizing position 
shown in Fig. 8(b) in the case of the synchronizing de^ 
vice), therefore, a large thrust is obtained as indicated 55 
by the solid line (1) enabling the synchronizing device 
to quickly execute the synchronizing action. 
[0097] As the operation rod 65h arrives at a position 



just after the synchronizing position represented by PLM 
in Fig. 22(a), the second moving core 64h comes in con- 
tact with the second attraction portion 624h ; and the 
thrust increases up to a position PLM just after the syn- 
chronizing position, as indicated by the solid line (1). As 
the second moving iron core 64h comes in contact with 
the second attraction portion 624h, the second moving 
iron core 64h is limited from moving toward the left in 
the drawing. After the motion of the second moving iron 
core 64h is limited, the first moving iron core 63h is at- 
tracted by the first attraction portion 622h to produce a 
thrust. Therefore, the thrust characteristics become as 
indicated by a solid line (2) of from the position PLM just 
after the synchronizing position in Fig. 22(a) up to the 
gear-engaging position (end of stroke) represented by 
PL2, i.e., up to the gear-engaging position shown in Fig. 
21(c) (gear-engaging position shown in Fig. 8(c) in the 
case of the synchronizing device). That is, the thrust 
drops at a moment when the position PLM just after the 
synchronizing position is passed. Thereafter, the thrust 
increases in compliance with a curve of secondary de- 
gree toward the gear-engaging position (end of stroke) 
represented by PL2 in Fig. 22(a). The gear-engaged 
state shown in Fig. 21 (c) (gear-engaged state shown in 
Fig. 8(c) in the case of the. synchronizing device) is as- 
sumed at the gear-engaging position (end of stroke) rep- 
resented by PL2. 

[0098] Next, described below with reference to Fig. 22 

(b) is the thrust at each of the operation positions (graph 
indicated by a solid line) of when the second electro- 
magnetic solenoid 7h is energized to be operated from 
a state where the first electromagnetic solenoid 6h and 
the second electromagnetic solenoid 7h are in the gear- 
engaged state PL2 shown in Fig. 21 (c) up to the gear- 
engaging position PR2 shown in Fig. 21(e). 

[0099] When an electric current is supplied to the 
electromagnetic coil 71 h of the second electromagnetic 
solenoid 7h in the gear-engaged state shown in Fig. 21 

(c) (gear-engaged state shown in Fig. 8(c) in the case 
of the synchronizing device), the fixed iron core 72h is 
excited, and the first moving iron core 73h and the sec- 
ond moving iron core 74h are attracted by the first at- 
traction portion 722h and by the second attraction por- 
tion 724h to produce a thrust on the operation rod 75h. 
At the gear-engaging position PL2 (stroke start posi- 
tion), however, the thrust is small as indicated by the 
solid line (1 ) since the gap is large between the first mov- 
ing iron core 73h, the second moving iron core 74h and 
the first attraction portion 722h f the second attraction 
portion 724h. The thrust increases as indicated by the 
solid line (1) as the first moving iron core 73h and the 
second moving iron core 74h move toward the first at- 
traction portion 722h and the second attraction portion 
724h. As the neutral position represented by PO in Fig. 
22(b) is passed, i.e., as the neutral state shown in Fig. 
21 (a) is passed (as the neutral state shown in Fig. 8(a) 
is passed in the case of the synchronizing device), the 
gap decreases between the second moving iron core 
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74h and the second attraction portion 724h ; and the 
thrust sharply increases. At the synchronizing position 
represented by PR1 in Fig. 22(b), i.e.. at a position just 
before the second moving iron core 74h comes in con- 
tact with the second attraction portion 724h (at the syn- 
chronizing position shown in Fig. 8(d) in the case of the 
synchronizing device), therefore, a large thrust is ob- 
tained as indicated by the solid line (1 ) enabling the syn- 
chronizing device to quickly execute the synchronizing 
action. 

[0100] As the operation rod 75h arrives at a position 
just after the synchronizing position represented by 
PRM in Fig. 22(b), the second moving core 74h comes 
in contact with the second attraction portion 724h, and 
the thrust increases up to the position PRM just after the 
synchronizing position, as indicated by the solid line (1 ). i . 

As the second moving iron core 74h comes in contact 
with the second attraction portion 724h : the second 
moving iron core 74h is limited from moving toward the 
right in the drawing. After the motion of the second mov- 20 
ing iron core 74h is limited, the first moving iron core 73h 
is attracted by thefirst attraction portion 722h to produce 
a thrust. Therefore, the thrust characteristics become as 
indicated by a solid line (2) of from the position PRM just 
after the synchronizing position in Fig. 22(b) up to the 25 
gear-engaging position (end of stroke) represented by 
PR2, i.e., up to the gear-engaging position shown in Fig. 
21(e) (gear-engaging position shown in Fig. 8(e) in the 
case of the synchronizing device). That is, the thrust de- 
creases at a moment when the position PRM just after 30 
the synchronizing position is passed. Thereafter, the 
thrust increases in compliance with a curve of second- 
ary degree toward the gear-engaging position (end of 
stroke) represented by PR2 in Fig. 22(b). The gear-en- 
gaged state shown in Fig. 21(e) (gear-engaged state 35 
shown in Fig. 8(e) in the case of the synchronizing de- 
vice) is assumed at the gear-engaging position (end of 
stroke) represented by PR2. 

[01 01 ] As described above, the shift actuator 5h com- 
prising the first electromagnetic solenoid 6h and the sec- 40 
ond electromagnetic solenoid 7h according to the ninth 
embodiment exhibits thrust characteristics that once 
rise near the synchronizing position of the synchronizing 
device. Accordingly, a required thrust can be obtained 
at the synchronizing position where the operation force *s 
is required and hence, it becomes possible to make the 
electromagnetic solenoids into a small size. That is, in 
Figs. 22(a) and 22(b), broken lines indicate thrust char- 
acteristics of when the shift actuator employing the con- 
ventional electromagnetic solenoids is constituted in the so 2. 
same size as the shift actuator 5h of the ninth embodi- 
ment, from which it will be learned that the thrust of the 
shift actuator employing the conventional electromag- 
netic solenoids is small at the synchronizing positions 
(PL1 , PR1) as compared to the thrust characteristics of 55 
the shift actuator 5h of the ninth embodiment indicated 
by solid lines. Therefore, the conventional shift actuator 
must employ the electromagnetic solenoids having an 
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increased ability in order to produce the thrust compa- 
rable to that of the shift actuator 5h of the ninth embod- 
iment at the synchronizing positions (PL1 , PR1). 
[0102] In the foregoing were described the embodi- 
ments in which the present invention is applied to the 
shift actuator that constitutes the gear change device in 
combination with the select actuator. The shift actuator 
of the present invention can be also applied to, for ex- 
ample, a shift-assisting device for assisting the force of 
operation in the shifting direction in the manual trans- 
missions. 
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A shift actuator (5; 5a; 5b; 5c; 5d; 5e; 5f; 5g) for a 
transmission, which actuates, in a direction of shift, 
a shift lever (34) for operating a synchronizing de- 
vice of the transmission, the shift actuator (5; 5a; 
5b; 5c; 5d; 5e; 5f; 5g) comprising: 

a first electromagnetic solenoid (6; 6a; 6b; 6c; 
6d; 6e; 6f; 6g) and a second electromagnetic 
solenoid (7; 7a; 7b; 7c; 7d; 7e; 7f; 7g) for actu- 
ating an operation member (50) coupled to said 
shift lever (34) in the directions opposite to each 
other; 

each of said first electromagnetic solenoid (6; 
6a; 6b; 6c; 6d; 6e: 6f ; 6g) and said second elec- 
tromagnetic solenoid (7; 7a; 7b; 7c; 7d; 7e; 7f ; 
7g) comprising a casing (61 , 71 ; 61 a, 71 a; 61 e, 
71 e), a fixed iron core (62, 72; 62a, 72a; 62b, 
72b; 62c, 72c; 62e, 72e) disposed in said cas- 
ing (61, 71; 61a, 71a; 61 e, 71 e), a moving iron 
core (64, 74; 64a, 74a; 64b, 74b; 64c, 74c; 64e, 
74e) arranged to be allowed to approach and 
separate away from said fixed iron core (62, 72; 
62a, 72a; 62b, 72b; 62c, 72c; 62e, 72e), an op- 
eration rod (63, 73; 78a; 78e) mounted on said 
moving iron core (64, 74; 64a, 74a; 64b, 74b; 
64c, 74c; 64e, 74e) to engage with said opera- 
tion member (50), and an electromagnetic coil 
(66, 76; 66a, 76a; 66e, 76e) arranged between 
said casing (61, 71; 61a, 71a; 61 e, 71 e) and 
said fixed iron core (62, 72: 62a, 72a; 62b, 72b; 
62c, 72c; 62e, 72e) as well as said moving iron 
core (64, 74; 64a, 74a; 64b, 74b; 64c, 74c; 64e, 
74e). 

A shift actuator (5b; 5c: 5f; 5g) for a transmission 
according to claim 1 , wherein a stepped protuber- 
ance (621b, 721b; 621c, 721c) is formed on either 
one of the opposing surfaces of said fixed iron core 
(62b, 72b; 62c, 72c) and of said moving iron core 
(64b, 74b; 64c, 74c), a stepped recess (641 b, 741 b; 
641c, 741c) is formed in the other surface to corre- 
spond to said stepped protuberance (621b, 721b; 
621c, 721c), and aposition at which an edge (622b, 
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722b) of said protuberance (621b, 721b; 621c, 
721c) and an edge (642b, '742b) of said recess 
(641 b ? 741b; 641 c ; 741c) become closest to each 
other is so constituted as to correspond to the syn- 
chronizing position of said synchronizing device. 5 

3. A shift actuator (5d; 5e; 5f; 5g) for a transmission, 
which actuates, in a direction of shift, a shift lever 
(34) for operating a synchronizing device of the 
transmission, the shift actuator (5d; 5e; 5f; 5g) com- 10 
prising: 

a first electromagnetic solenoid (6d; 6e; 6f ; 6g) 
and a second electromagnetic solenoid (7d: 7e; 
7f; 7g) for actuating an operation member (50) 15 
coupled to said shift lever (34) in the directions 
opposite to each other; 

each of said first electromagnetic solenoid (6d; 
6e; 6f; 6g) and said second electromagnetic so- 
lenoid (7d; 7e; 7f; 7g) comprising an electro- 20 
magnetic coil (66.. 76; 66e, 76e), a fixed iron 
core (62, 72; 62b, 72b; 62c, 72c; 62e, 72e) dis- 
posed in said electromagnetic coil (66, 76; 66e, 
76e), amoving iron core (64, 74; 64b : 74b; 64c, 
74c; 64e, 74e) arranged to be allowed to ap- 25 
proach and separate away from said fixed iron 
core (62, 72; 62b, 72b; 62c, 72c; 62e, 72e), a 
fixed yoke (61, 71; 61 e, 71 e) having an inner 
peripheral surface (610, 710; 61 Oe, 71 Oe) op- 
posing an outer peripheral surface (640, 740; 30 
640e, 740e; 640f. 740f: 640g, 740g) of said 
moving iron core (64, 74; 64b, 74b; 64c, 74c; 
64e, 74e), and an operation rod (63, 73; 78a) 
mounted on said moving iron core (64, 74; 64b, 
74b; 64c, 74c; 64e, 74e) to engage with said 35 
operation member (50); and 
the opposing areas of said moving iron core 
(64, 74; 64b, 74b; 64c, 74c; 64e, 74e) and said 
fixed yoke (61, 71; 61 e, 71 e) being so consti- 
tuted as to decrease, at a position where said 40 
fixed iron core (62, 72; 62b, 72b; 62c, 72c; 62e, 
72e) ceases to attract said moving iron core 
(64, 74; 64b, 74b; 64c, 74c; 64e, 74e). 

4. A shift actuator (5f ; 5g) for a transmission according 45 
to claim 3, wherein a stepped protuberance (621 b, 
721b; 621c, 721c) is formed on either one of the 
opposing surfaces of said fixed iron core (62b, 72b; 
62c. 72c) and/or of said moving iron core (64b, 74b; 
64c, 74c), a stepped recess (641b, 741b; 641c, so 
741c) is formed in the other surface to correspond 

to said stepped protuberance (621b, 721b; 621c, 
721c), and a position at which an edge (622b, 722b) 
of said protuberance (621b, 721b; 621c, 721c) and 
an edge (642b, 742b) of said recess (641b, 741b; 55 
641 c, 741 c) become closest to each other is so con- 
stituted as to correspond to the synchronizing posi- 
tion of said synchronizing device. 



5. A shift actuator (5h) for a transmission, having a first 
electromagnetic solenoid (6h) and a second elec- 
tromagnetic solenoid (7h) for actuating, in the direc- 
tions opposite to each other, an operation member 
(50) coupled to the shift lever (34) to operate a syn- 
chronizing device of the transmission, wherein 

each of said first electromagnetic solenoid (6h) 
and said second electromagnetic solenoid (7h) 
comprises an electromagnetic coil (61 h, 71 h), 
a fixed iron core (62h, 72h) excited by said elec- 
tromagnetic coil (61 h, 71 h), a first moving iron 
core (63h, 73h) arranged to be allowed to ap- 
proach and separate away from said fixed iron 
core (62h, 72h), a second moving iron core 
(64h, 74h) fitted to an outer peripheral surface 
of said first moving iron core (63h, 73h) so as 
to slide therealong, and an operation rod (65h, 
75h) mounted on said first moving iron core 
(63h, 73h) to engage with said operation mem- 
ber (50); 

said fixed iron core (62h, 72h) having a first at- 
traction portion (622h, 722h) for attracting said 
first moving iron core (63h, 73h) and a second 
attraction portion (624h, 724h) for attracting 
said second moving iron core (64h ; 74h), and 
said first moving iron core (63h, 73h) being pro- 
vided with a limiting means (67h, 77h) for limit- 
ing said second moving iron core (64h, 74h) 
from moving toward the side of said fixed iron 
core (62h, 72h), and 

said second moving iron core (64h, 74h) and 
said first moving iron core (63h, 73h) being so 
constituted as to move together, by the action 
of said limiting means (67h, 77h), until said sec- 
ond moving iron core (64h 5 74h) comes in con- 
tact with said second attraction portion (624h, 
724h), then, said first moving iron core (63h, 
73h) alone moving toward said first attraction 
portion (622h, 722h) after said second moving 
iron core (64h, 74h) has come in contact with 
said second attraction portion (624h, 724h), 
and a position at which said second moving iron 
core (64h, 74h) comes in contact with said sec- 
ond attraction portion (624h, 724h) being so set 
as to correspond to a position just after a syn- 
chronizing position of said synchronizing de- 
vice. 
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